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SUMMARY 
T h e p u r p o s e o f t h i s r e s e a r c h w a s t o i n v e s t i g a t e t h e r e a c t i o n s o f 
c e s i u m - p o t a s s i u m a l l o y a n d c e s i u m - p o t a s s i u m - s o d i u m a l l o y w i t h a r o m a t i c 
h y d r o c a r b o n s a n d a l k y l c h l o r i d e s . T h e c o m p o u n d s i n v e s t i g a t e d w e r e b e n ­
z e n e , t o l u e n e , t - b u t y l b e n z e n e , m - x y l e n e , £ - x y l e n e , b i p h e n y l , d i p h e n y l -
m e t h a n e , 2 , 2 - d i p h e n y l p r b p a n e , 1 , 1 , 1 - t r i p h e n y l e t h a n e , b i b e n z y l , 1 , 2 - d i - p -
t o l y e t h a n e , 2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n e , 1 , 2 , 2 - t r i p h e n y l p r o p a n e , 
1 , 3 - d i p h e n y l p r o p a n e , c y c l o h e x y l c h l o r i d e , a n d 2 , 2 , 3 - t r i p h e n y l p r o p y l 
c h l o r i d e . 
R e a c t i o n o f b e n z e n e w i t h e x c e s s C s - K - N a a l l o y a t - 4 5 ° C i n T H F 
p r o d u c e s c e s i u m b e n z e n i d e ( I ) a s a b l a c k s o l i d . A f t e r t h r e e h o u r s a t 
- 4 5 ° C , d i c e s i u m 1 , 1 - ' d i h y d r o b i p h e n y l i d e ( I I ) , a y e l l o w s o l i d , i s f o r m e d 
b y t h e i n t r a m o l e c u l a r c o u p l i n g o f I . C o m p o u n d I I u p o n p r o t o n a t i o n w i t h 
w a t e r g a v e a 7 5 . 7 m o l e % y i e l d o f 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( I I I ) w h o s e 
1 13 
s t r u c t u r e w a s a s c e r t a i n e d b y H NMR, C NMR, a n d m i x t u r e g c i n j e c t i o n s 
w i t h a n a u t h e n t i c s a m p l e o f i l l . 
R e a c t i o n o f t o l u e n e w i t h e x c e s s C s - K - N a a l l o y a t - 4 5 ° i n THF p r o ­
d u c e s i n i t i a l l y c e s i u m t o l u e n i d e ( I V ) a s a b l a c k s o l i d . A f t e r t h r e e h o u r s 
a t - 4 5 ° C , d i c e s i u m 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' - d i h y d r o b i p h e n y l i d e ( V ) , a y e l l o w 
s o l i d i s f o r m e d b y t h e i n t e r m o l e c u l a r c o u p l i n g o f I V . C o m p o u n d V u p o n 
p r o t o n a t i o n w i t h w a t e r g a v e a 5 6 . 3 m o l e % y i e l d o f 3 , 3 ' - d i m e t h y l - 1 , 1 1 , 4 , 4 ' -
1 1 3 
t e t r a h y d r o b i p h e n y l ( V I ) w h o s e s t r u c t u r e w a s a s c e r t a i n e d b y H NMR, C NMR, 
UV, I R , M S , e l e m e n t a l a n a l y s i s , a n d d e n y d r o g e n a t i o n . D e h y d r o g e n a t i o n o f 
X 
X X I X I I X I I I 
a n i o n s a n d t h e i r r a d i c a l p r e c u r s o r s a r e i n a 3 . 8 : 1 . 0 r a t i o . 
B o t h p - x y l e n e a n d t - b u t y l b e n z e n e f a i l t o r e a c t w i t h C s - K - N a a l l o y 
a t - 4 5 ° C i n T H F . 
R e a c t i o n s o f b i b e n z y l w i t h C s - K - N a a l l o y a t - 7 5 ° C l i k e l y p r o d u c e s 
d i c e s i u m 1 , 2 - d i p h e n y l e t h a n i d e w h i c h r a p i d l y c l e a v e s t o b e n z y l c e s i u m , t h e 
t h e d i m e r i c p r o d u c t s W i t h e x c e s s DDQ g a v e 3 , 3 ' - d i m e t h y l b i p h e n y l ( 9 9 . 1 % ) , 
2 , 3 ' - d i m e t h y l b i p h e n y l ( 0 . 7 % ) , a n d 2 , 2 - d i m e t h y l b i p h e n y l ( 0 . 2 % ) . T h u s 
t h e d i m e r i z a t i o n o f I V f a v o r s c o u p l i n g o f t h e r a d i c a l a n i o n a t t h e p o s i ­
t i o n m e t a t o t h e m e t h y l g r o u p b y 9 9 . 5 % . 
R e a c t i o n o f m - X y l e n e w i t h e x c e s s C s - K - N a a l l o y a t - 4 8 ° C i n THF 
p r o d u c e s i n i t i a l l y C e s i u m m - x y l e n i d e ( V I I ) a s a b l a c k s o l i d . A f t e r 
t h r e e h o u r s a t - 4 5 ° C , d i c e s i u m 3 , 3 1 , 5 , 5 ' - t e t r a m e t h y 1 - 1 , 1 ' - d i h y d r o -
b i p h e n y l i d e ( V I I I ) , a y e l l o w s o l i d , i s f o r m e d b y t h e i n t e r m o l e c u l a r 
c o u p l i n g o f V I I . C o m p o u n d V I I I u p o n p r o t o n a t i o n w i t h w a t e r g a v e a 5 4 . 8 
m o l e % y i e l d o f 3 , 3 1 , 5 , 5 ' - t e t r a m e t h y 1 - 1 , l 1 , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( I X ) 
1 1 3 
w h o s e s t r u c t u r e w a s a s c e r t a i n e d b y H NMR, C NMR, U V , I R , M S , e l e m e n t a l 
a n a l y s i s , a n d d e h y d r o g e n a t i o n . I n t h e p r e s e n c e o f 1 8 - c r o w n - 6 V I I i s 
q u a n t i t a t i v e l y p r o t o n a t e d t o a p p a r e n t l y f o r m r a d i c a l s X a n d X I , w h i c h 
a r e r a p i d l y r e d u c e d b y t h e a l l o y t o a n i o n s X I I a n d X I I I r e s p e c t i v e l y . 
D e u t e r a t i o n a n d c a r b o n a t i o n o f a n i o n s X I I a n d X I I I i n d i c a t e t h a t t h e s e 
x i 
l a t t e r a f t e r c a r b o n a t i o n g i v e s p h e n y l a c e t i c a c i d i n n e a r l y q u a n t i t a t i v e 
y i e l d . U n d e r t h e s e r e a c t i o n c o n d i t i o n s , t h e r a d i c a l a n i o n s o f 
2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n e a n d 1 , 2 , 2 - t r i p h e n y l p r o p a n e b u t n o t 
1 , 2 - d i - p - t o l y l e t h a n e a r e q u a n t i t a t i v e l y c l e a v e d t o g i v e t h e a p p r o p r i a t e 
b e n z y l a n i o n s . 
A n a l y s i s o f t h e c e s i u m a l l o y f o r t h e r e a c t i n g a l k a l i m e t a l i n 
r e a c t i o n o f C s - K a l l o y w i t h b e n z e n e , 1 , 3 - d i p h e n y l p r o p a n e , a n d 2 , 2 - d i p h e n y l -
p r o p a n e a t - 2 0 ° C i n THF o r t h e r e a c t i o n o f C s - K - N a a l l o y w i t h b e n z e n e , 
t o l u e n e , 1 , 3 - d i p h e n y l p r o p a n e , 1 , 2 , 1 - t r i p h e n y l e t h a n e , a n d 1 , 2 , 2 - t r i p h e n y l -
p r o p y l c h l o r i d e a t - 4 5 ° C i n THF s h o w s t h a t c e s i u m m e t a l i s s e l e c t i v e l y 
r e m o v e d f r o m t h e a l l o y d u r i n g r e a c t i o n . . S i n c e b o t h m e t a l s i n C s - K a l l o y 
c a n r e a c t w i t h b i p h e n y l o r c y c l o h e x y l c h l o r i d e a t 2 5 ° C i n T H F , a n a l y s i s 
o f t h e a l l o y u n d e r t h e s e c o n d i t i o n s i n d i c a t e d t h a t t h e r a t i o o f c e s i u m 
t o p o t a s s i u m r e m o v e d f r o m t h e a l l o y w a s 1 0 : 1 , a r e s u l t w h i c h d e m o n ­




T h e p u r p o s e o f t h i s r e s e a r c h w a s t o i n v e s t i g a t e t h e r e a c t i o n s o f 
1 2 
c e s i u m a n d p o t a s s i u m a l l o y a n d ' / o r c e s i u m , p o t a s s i u m , a n d s o d i u m a l l o y 
w i t h a r o m a t i c h y d r o c a r b o n s a n d a l k y 1 c h l o r i d e s . T h e c o m p o u n d s i n v e s t i ­
g a t e d w e r e b e n z e n e , t o l u e n e , t - b u t y l b e h z e n e , m - x y l e n e , £ - x y l e n e , b i p h e n y l , 
d i p h e n y l m e t h a n e , 2 , 2 - d i p h e n y l p r o p a n e , 1 , 1 , 1 - t r i p h e n y l e t h a n e , b i b e n z y l , 
1 , 2 - d i - j g - t o l y l e t h a n e , 2 , 3 - d i m e t h y 1 - 2 , 3 - d i p h e n y l b u t a n e , 1 , 2 , 2 - t r i p h e n y 1 -
p r o p a n e , 1 , 3 - d i p h e n y l p r o p a n e , c y c l o h e x y l c h l o r i d e , a n d 2 , 2 , 3 - t r i p h e n y l -
p r o p y l c h l o r i d e . T h e r e a c t i o n o f a r o m a t i c h y d r o c a r b o n s w i t h a l k a l i m e t a l s 
3 4 5 
t o f o r m r a d i c a l a n i o n s a n d d i a n i o n s h a s b e e n r e c e n t l y r e v i e w e d . ' ' 
G r o v e n s t e i n a n d c o w o r k e r s ^ d i s c o v e r e d t h a t m o l t e n c e s i u m m e t a l i n 
THF a t 4 0 ° C r e a c t s w i t h 4 - c h l o r o - l , 1 , 1 - t r i p h e n y l b u t a n e t o g i v e t h e n o v e l 
"*M. H a n s e n , " C o n s t i t u t i o n o f B i n a r y A l l o y s . " M c G r a w - H i l l , N e w 
Y o r k , 1 9 5 8 , p . 5 7 6 . T h e m i n i m u m m e l t i n g a l l o y c o m p o s i t i o n i s 5 0 a t o m 
% C s a n d 5 0 a t o m % K , m p - 3 7 . 5 ° C . 
? 
F . T e p p l e r , J . K i n g , a n d J . G r e e r , T h e A l k a l i M e t a l s , A n I n t e r ­
n a t i o n a l S y m p o s i u m , H e l d a t N o t t i n g h a m o n 1 9 - 2 2 n d J u l y , 1 9 6 6 . T h e C h e m i ­
c a l S o c i e t y , L o n d o n , 1 9 6 7 , p . 2 5 . T h e m i n i m u m m e l t i n g a l l o y c o m p o s i t i o n 
i s 4 0 . 8 a t o m % C s , 4 7 . 4 a t o m % K , a n d 1 1 . 8 a t o m % N a , m p - 7 9 . 2 ° C . 
3 N . L . H o l y , C h e m . R e v . , 7 4 , 2 4 3 ( 1 9 7 4 ) . 
S\ H . L o n g f i e l d , P h . D . T h e s i s , " R e a c t i o n s o f C e s i u m w i t h A r o m a t i c 
H y d r o c a r b o n s . " G e o r g i a I n s t i t u t e o f T e c h n o l o g y , 1 9 7 3 , p . 1 . 
~*E. S . P e t r o v , M . I . T e r e k h o v a , a n d A . I . S h a t e n s h t e i n , R u s s . C h e m . 
R e v . , 4 2 , 7 1 3 ( 1 9 7 3 ) . 
6 E . G r o v e n s t e i n , J r . , J . A . B e r e s , Y - M . C h e n g , a n d J . M . P e g o l o t t i , 
J . O r g . C h e m . , 3 7 , 1 2 8 1 ( 1 9 7 2 ) . 
2 
product 9 - p h e n y l - 9 - r i - p r o p y I f l u o r e n e . S i n c e s i m i l a r r e a c t i o n s of t h e 
c h l o r i d e w i t h two e q u i v a l e n t s o f ce s ium-potas s ium a l l o y a t ~45°C gave 
c o n s i d e r a b l e 1 , 1 , 1 - t r i p h e n y l b u t a n e , t h e r e a c t i v e carbanion must be 
pro tonated during t h e r e a c t i o n . Thus the precursor o f t h e 9 - p h e n y l - 9 -
n -propyf luorene may be 1 , 1 , 1 - t r i p h e n y l b u t a n e which then r e a c t s w i t h 
a d d i t i o n a l cesium meta l t o form a d i r a d i c a l anion which c o u p l e s t o form 
t h e f l u o r e n e s y s t e m . This mechanism was confirmed by t h e r e a c t i o n of 
1 , 1 , 1 - t r i p h e n y l e t h a n e w i t h an e x c e s s of Cs-K-Na a l l o y a t -70°C i n THF t o 
g i v e a red i n t e r m e d i a t e , which upon p r o t o n a t i o n , gave an a lmost q u a n t i t a ­
t i v e y i e l d of 9 - m e t h y 1 - 9 - p h e n y 1 - 2 , 4 a , 4 b , 7 - t e t r a h y d r o f l u o r e n e . An analogous 
r e a c t i o n was found t o occur w i t h 1 , 1 , 1 - t r i p h e n y l b u t a n e . 
L o n g f i e l d ^ found t h a t 2 , 2 - d i p h e n y l p r o p a n e r e a c t s w i t h an e x c e s s 
of Cs-K-Na a l l o y a t -70°C i n THF t o g i v e a red i n t e r m e d i a t e , which upon 
p r o t o n a t i o n gave an a lmost q u a n t i t a t i v e y i e l d of c i s - 9 , 9 - d i m e t h y l - 2 , 4 a , 
S cheme 1 
Reference 4 , p . 1 2 3 . 
3 
4 b , 7 - t e t r a h y d r o f l u o r e n e ( s e e S c h e m e 1 ) . T h e c i s - 9 , 9 - d i m e t h y l - 2 , 4 a , 4 b , 7 -
t e t r a h y d r o f l u o r e n e w a s i d e n t i f i e d b y U V , "̂ H NMR, m a s s s p e c t r a , e l e m e n t a l 
8 
a n a l y s i s , a n d d e h y d r o g e n a t i o n t o 9 , 9 - d i m e t h y l f l u o r e n e . Y o u n g a n d B a u l d 
h a v e s h o w n t h r o u g h a n ESR s t u d y t h a t 2 , 2 - d i p h e n y l p r o p a n e r a d i c a l a n i o n 
c y c l i z e s t o 9 , 9 - d i m e t h y I f l u o r e n e r a d i c a l a n i o n . 
9 
T h e r e a c t i o n o f d i p h e n y l m e t h a n e w i t h e x c e s s C s - K - N a a l l o y i n 
THF a t - 7 0 ° C g i v e s a b l a c k p r e c i p i t a t e , w h i c h u p o n p r o t o n a t i o n g i v e s 
2 , 5 - d i h y d r o d i p h e n y l m e t h a n e . T h e b l a c k p r e c i p i t a t e h a s a b r o a d - l i n e ESR 
s p e c t r u m i n d i c a t i v e o f a h i g h y i e l d o f r a d i c a l a n i o n i n t h e d o u b l e t s t a t e . 
I t i s l i k e l y t h a t t h e r e a c t i o n p r o c e e d s a s o u t l i n e d i n S c h e m e 2 . 
S c h e m e 2 
D e h y d r o g e n a t i o n o f t h i s r e a c t i o n m i x t u r e w i t h P d / C g a v e d i p h e n y l m e t h a n e 
a n d n o f l u o r e n e . A n a t t e m p t t o f a c i l i t a t e c y c l i z a t i o n b y w a r n i n g o f t h e 
r e a c t i o n m i x t u r e t o - 6 0 ° C r e s u l t e d i n t h e f o r m a t i o n o f t h e d i p h e n y l m e t h y l 
a n i o n ( S c h e m e 3 ) . H a c k s p i l l " ^ r e p o r t s t h a t b o t h d i p h e n y l m e t h a n e a n d 
8 J . D . Y o u n g a n d N . L . B a u l d , T e t r a h e d r o n L e t t . , 2 5 , 2 2 5 1 ( 1 9 7 4 ) . 
9 
R e f e r e n c e 4 , p a g e 1 3 2 . 
^ L . H a c k s p i l l , " N o u v e a u T r a i t e d e C h e m i e M i n e r a l e . " V o l . 3 , P . 
P a s c a l , E d . , M a s s o n , P a r i s , 1 9 5 6 , p . 1 2 4 . 
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S c h e m e 3 
t r i p h e n y l m e t h a n e r e a c t w i t h c e s i u m m e t a l t o g i v e d i p h e n y l m e t h y l c e s i u m 
a n d t r i p h e n y l m e t h y l c e s i u m r e s p e c t i v e l y . T h e d i p h e n y l m e t h y l c e s i u m g a v e 
d i p h e n y l a c e t i c a c i d o n c a r b o n a t i o n . I n s i m i l a r w o r k G i l m a n a n d Young"' '" ' ' 
h a v e s h o w n t h a t t r i p h e n y l m e t h a n e r e a c t s w i t h s o d i u m - p o t a s s i u m a l l o y i n 
e t h e r t o g i v e a r e d c o m p o u n d w h i c h u p o n c a r b o n a t i o n g i v e s t r i p h e n y l a c e t i c 
a c i d . T h i s r e d c o m p o u n d w a s i d e n t i f i e d a s t r i p h e n y l m e t h y l p o t a s s i u m b y 
1 2 
p r e c i p i t a t i o n a n d f l a m e t e s t s f o r p o t a s s i u m . H o u s e a n d K r a m e r h a v e 
f o u n d t h a t t h e r e a c t i o n o f t r i p h e n y l m e t h a n e w i t h p o t a s s i u m i n DME p r o ­
d u c e s o l u t i o n s o f t r i p h e n y l m e t h y l p o t a s s i u m c o n t a i n i n g v a r i o u s c l e a v a g e 
a n d r e d u c t i o n p r o d u c t s d e r i v e d f r o m t r i p h e n y l m e t h a n e . T h u s a f t e r 
h y d r o l y s i s d i p h e n y l m e t h a n e , b i p h e n y l , r e d u c e d b i p h e n y l s , a n d t r i p h e n y l -
1 3 
m e t h a n e w e r e i s o l a t e d f r o m t h e r e a c t i o n . T h e i l a c k e r a n d M o e l l h o f f h a v e 
f o u n d t h a t p o t a s s i u m ( a n d n o t s o d i u m ) i n e t h e r w i l l c l e a v e t r i p t i c e n e t o 
1 : L H . G i l m a n a n d R . V . Y o u n g , J . O r g . C h e m . , 1^, 3 1 5 ( 1 9 3 6 ) . 
1 2 H . 0 . H o u s e a n d V . K r a m e r , J . O r g . C h e m . , 2 7 , 4 1 4 6 ( 1 9 6 2 ) . 
1 3 W . T h e i l a c k e r a n d E . M o e l l h o f f , A n g e w . C h e m . , 7 4 , 7 8 1 ( 1 9 6 2 ) . 
5 
g i v e a f t e r p r o t o n a t i o n b y m e t h a n o l 9 - p h e n y l - 9 , 1 0 - d i h y d r o a n t h r a c e n e . T h e y 
h a v e a l s o f o u n d t h a t t r i p h e n y l m e t h a n e a n d t e t r a p h e n y l m e t h a n e a r e C leaved 
b y p o t a s s i u m i n e t h e r t o g i v e a f t e r e a r b o n a t i o n d i p h e n y l a c e t i c a c i d a n d 
1 4 
t r i p h e n y l a c e t i c a c i d . L o n g f i e l d f o u n d t h a t t h e r e a c t i o n o f t e t r a p h e n y l ­
m e t h a n e w i t h C s - K - N a ! a l l o y i n THF a t - 7 0 ° C g a v e a f t e r h y d r o l y s i s b i p h e n y l , 
d i p h e n y l m e t h a n e , t e t r a p h e n y l m e t h a n e , a n d r e d u c t i o n p r o d u c t s o f b i p h e n y l , 
t r i p h e n y I m e t h a n e , 9 - p h e n y I f l u o r e n e , a n d t e t r a p h e n y l m e t h a n e . T h e ESR 
s p e c t r u m o f t h e r a d i c a l a n i o n o f t r i p h e n y I m e t h a n e i n DME d i s a p p e a r s a t 
t e m p e r a t u r e s a b o v e - 6 0 ° C a n d t h e t r i p h e n y l m e t h y l c a r b a n i o n a n d t h e r a d i ­
c a l a n i o n o f b i p h e n y l a r e f o r m e d . E S R s t u d i e s o f t h e r a d i c a l a n i o n s 
o f d i p h e n y l m e t h a n e , ^ 1 , 2 - d i p h e n y l e t h a n e ( b i b e n z y l ) 1 7 l , 2 - d i - £ -
t o l y l e t h a n e , ^ 7 2 , 2 - d i p h e n y l p r o p a n e , ^ 1 , 3 - d i p h e n y l p r o p a n e , a n d 
1 , 5 - d i p h e n y l p e n t a n e ^ " 7 i n d i c a t e t h a t t h e u n p a i r e d e l e c t r o n i s l o c a l i z e d 
o n o n l y o n e p h e n y l r i n g a n d t h a t t h e s e c o m p o u n d s a l l e x h i b i t a f i v e l i n e 
E S R 1 7 s p e c t r u m s i m i l a r t o t h a t o f t o l u e n e . A t - 7 0 ° C i n T H F - D M E , t h e 
r a d i c a l a n i o n o f d i p h e n y l m e t h a n e d e c o m p o s e s t o g i v e t h e s p e c t r u m o f t h e 
b i p h e n y l r a d i c a l a n i o n . ^ T h e p r e s e n c e o f s e c o n d a r y p a r a m a g n e t i c p r o d u c t s 
i n d i c a t e t h a t f u r t h e r c h e m i c a l r e a c t i o n s h a v e t a k e n p l a c e . D e c o m p o s i t i o n 
o f t h e f i n a l p r o d u c t s o f t h e r e a c t i o n o f d i p h e n y l m e t h a n e w i t h p o t a s s i u m 
w i t h c a r b o n d i o x i d e o r o x y g e n g a v e d i p h e n y l a c e t i c a c i d ( 8 0 % ) o r 
1 4 
R e f e r e n c e . 4 , p . 2 0 6 . 
1 5 R . N . N a s i r o v , A . I . P r o k o f ' e v , S . P . S o l o d o v n i k o v , a n d M . I . 
K a b a c h n i k , I z v . AN S S S R , s e r . k h i m . 9 , 1 9 8 1 ( 1 9 7 3 ) . 
" ^ V . M. K a z a k o v a , B . I . S h a p i r o , G . M a k a r o v , a n d Y a . K . S y r k i n , 
D o k l . A k a d . N a u k S S S R , 1 6 5 , 1 3 4 0 ( 1 9 6 5 ) . 
1 7 I . I . G r a n d b e r g , V . B . G o l u b e v , a n d 0 . R . K h r o l o v a , Z h . S t r u k t . 
K i m . , 8 , 1 0 2 1 ( 1 9 6 7 ) . 
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t e t r a p h e r i y l e t h a n e ( 8 0 % ) r e s p e c t i v e l y . " ^ T h e ESR s p e c t r u m o f s t i l b e n e 
i n d i c a t e s t h a t t h e r a d i c a l a n i o n i s d e l o e a l i z e d o v e r t h e e n t i r e m o l e -
1 8 
c u l e . I t i s e x p e c t e d t h a t a n e l e c t r o n c o u l d m o v e f r e e l y f r o m r i n g t o 
r i n g , s i n c e t h e i T - s y s t e m s o f t h e a r o m a t i c r i n g s a r e i n c o n j u g a t i o n t h r o u g h 
t h e i T - s y s t e m o f t h e b r i d g i n g d o u b l e b o n d . 
1 9 
H a c k s p i l l i n 1 9 1 2 r e p o r t e d t h a t b e n z e n e r e a c t s w i t h c e s i u m a t 
2 8 ° C t o g i v e a b l a c k s o l i d c o n t a i n i n g c e s i u m i n a n a m o u n t n e a r t h a t 
e x p e c t e d f o r p h e n y l c e s i u m . H e s u g g e s t e d t h a t t h e s u b s t a n c e w a s p h e n y l -
c e s i u m a l t h o u g h i t w a s f o r m e d w i t h o u t e v o l u t i o n o f h y d r o g e n a n d g a v e 
2 0 
b i p h e n y l a n d h y d r o g e n o n h y d r o l y s i s . H a c k s p i l l l a t e r q u e s t i o n e d t h i s 
s t r u c t u r e a n d n o t e d t h a t t h e p r o d u c t m e r i t e d f u r t h e r s t u d y . S u b s e q u e n t l y 
2 1 
d e P o s t i s c a m e t o t h e c o n c l u s i o n t h a t t h e b l a c k c o m p o u n d h a d t h e 
2 2 
f o r m u l a C ^ H - C s > . C l u s i u s a n d M o l l e t f o u n d t h a t c e s i u m r e a c t s w i t h b e n -
o o o 
z e n e a t 5 0 - 6 0 ° C w i t h t h e s t e a d y e v o l u t i o n o f h y d r o g e n a n d t h a t t h e b l a c k 
p r o d u c t r e a c t s w i t h w a t e r t o g i v e b i p h e n y l a n d p h e n o l . 
2 3 
L o n g f i e l d f o u n d t h a t t h e r e a c t i o n o f e x c e s s b e n z e n e w i t h f i n e l y 
d i v i d e d c e s i u m i n THF a t - 7 0 ° C g i v e s a b l a c k p r e c i p i t a t e w h i c h h a s a b r o a d 
l i n e ESR s p e c t r u m i n d i c a t i v e o f a h i g h y i e l d o f r a d i c a l a n i o n i n t h e 
1 8 
V . V . V o e v o d s k i i , S . P . S o l o d o v n i k o v , a n d V . M . C h i b r i k i n , 
D o k l . A k a d . N a u k S S S R , 1 2 9 , 1 0 8 2 ( 1 9 5 9 ) . 
1 9 L . H a c k s p i l l , P r o c . I n t . C o n g r . A p p l . C h e m . , 8 t h , 2, 1 1 3 ( 1 9 1 2 ) ; 
A n n . C h i m . P h y s . ( P a r i s ) , 2 8 , ' 6 5 3 ( 1 9 1 3 ) . 
20 
L . H a c k s p i l l , H e l v . C h i m . A c t a , 1 1 , 1 0 2 6 ( 1 9 2 8 ) . 
2 1 
J . d e P o s t i s , P r o c . I n t l . C o n g . P u r e A p p l . C h e m . , 1 1 t h , 5_9 8 6 7 
2 2 K . C l u s i u s a n d H . M o l l e t , H e l v . C h i m . A c t a , 3 9 , 3 7 0 ( 1 9 5 6 ) . 
2 3 
R e f e r e n c e 4 , p . 6 2 . 
( 1 9 4 7 ) . 
d o u b l e t s t a t e . P r o t o n a t i o n o f t h i s r e a c t i o n m i x t u r e a f t e r 1 . 5 h o u r s 
g a v e t h e p r o d u c t s ( i n y i e l d s e x p r e s s e d a s p e r c e n t o f s t a r t i n g c e s i u m c o n ­
v e r t e d i n t o p r o d u c t ) 1 , 4 - d i h y d r o b e n z e n e ( 7 0 % ) , c y c l o h e x e n e ( 3 % ) , a n d 
1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 6 % ) . W i t h a n i n c r e a s e o f t e m p e r a t u r e t o 
S c h e m e 4 
C s s a n d 
- 7 0 ° ; THF 
+ H 2 ° Gs —=-*• 
0 ° 
( b l a c k ) 
-20 ' 
H 2 0 
- 2 0 ° C t h e b l a c k p r e c i p i t a t e i s c o n v e r t e d i n t o a y e l l o w d i a m a g n e t i c p r e ­
c i p i t a t e ; p r o t o n a t i o n g a v e 1 , 4 - d i h y d r o b e n z e n e ( 3 6 % ) a n d 1 , 1 ' ^ ^ ' - t e t r a ­
h y d r o b i p h e n y l ( 3 9 % ) . T h e 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l w a s i d e n t i f i e d b y 
UV, I R , ^H NMR, m a s s s p e c t r a , e l e m e n t a l a n a l y s i s , a n d d e h y d r o g e n a t i o n t o 
b i p h e n y l . W a r m i n g o f t h e y e l l o w p r e c i p i t a t e t o 3 5 ° C g i v e s a b l a c k p r e ­
c i p i t a t e w h i c h i s d i c e s i u m b i p h e n y l i d e a c c o r d i n g t o i t s r e a c t i o n w i t h 
i o d i n e t o g i v e b i p h e n y l o r w i t h w a t e r w h i c h g i v e s a m i x t u r e o f h y d r o c a r b o n s 
8 
2 4 
^ R e f e r e n c e 4 , p . 1 1 1 . 
2 5 
B e g u i n a n d R . S e t t o n , C h e m . C o m m u n . , 6 1 1 ( 1 9 7 6 ) . 
2 6 
R . G . K o o s e r , W. V . V o l l a n d , a n d J . H . F r e e d , J . C h e m . P h y s . , 
5 0 , 5 2 4 3 ( 1 9 6 9 ) . 
2 7 
G . L . M a l l i n o s k i , W. H . B r u n i n g , a n d R . G . G r i f f i n , J . A m e r . 
C h e m . S o c , 9 2 , 2 6 6 5 ( 1 9 7 0 ) . 
2 8 
R e f e r e n c e 4 , p . 2 2 6 . 
29 
( 1 9 6 9 ) . 
R . G . L a w l e r a n d C . T . T a b i t , J . A m e r . C h e m . S o c . , 9 1 , 5 6 7 1 
l i k e t h a t f r o m d i c e s i u m b i p h e n y l i d e p r e p a r e d b y t h e r e a c t i o n o f b i p h e n y l 
w i t h e x c e s s c e s i u m i n T H F . D i c e s i u m b i p h e n y l i d e h a s t h e s a m e e m p e r i c a l 
c o m p o s i t i o n a s p h e n y l c e s i u m ; e v i d e n t l y , t h e c o m p o u n d p r e p a r e d b y 
1 9 
H a c k s p i l l w a s l a r g e l y d i c e s i u m b i p h e n y l i d e . 
2 5 
I n r e l a t e d w o r k B e g u i n a n d S e t t o n f o u n d t h a t b e n z e n e r e a c t s w i t h 
a p o t a s s i u m - g r a p h i t e l a m e l l a r c o m p o u n d ( K G Q ) i n T H F a t 2 0 ° C t o g i v e a 
b l u e c o m p o u n d i n a n u n s p e c i f i e d y i e l d . H y d r o l y s i s o f t h i s c o m p o u n d g a v e 
m a i n l y b i p h e n y l a n d a l s o r e d u c t i o n p r o d u c t s w h i c h e v i d e n t l y a r e i d e n t i c a l 
t o t h o s e o b t a i n e d b y L o n g f i e l d f r o m t h e r e a c t i o n o f b e n z e n e o r b i p h e n y l 
w i t h c e s i u m a t 3 5 ° C ( s e e S c h e m e 5 ) . 
S p i n c o n c e n t r a t i o n m e a s u r e m e n t s b y ESR i n d i c a t e t h a t p o t a s s i u m 
d o e s n o t e x t e n s i v e l y r e a c t w i t h b e n z e n e i n T H F - D M E , s i n c e a t t e m p e r a t u r e s 
2 6 2 7 
b e t w e e n - 8 3 ° C a n d 1 8 ° C t h e r a d i c a l a n i o n y i e l d d i d n o t e x c e e d 0 . 0 9 % . ' 
T h i s i s q u i t e l o w w h e n c o m p a r e d t o a r a d i c a l a n i o n y i e l d o b t a i n e d b y 
2 8 
L o n g f i e l d f r o m t h e r e a c t i o n o f c e s i u m w i t h b e n z e n e i n T H F a t - 7 5 ° C . 
2 9 
I t h a s b e e n s h o w n b y a s t u d y o f t h e e q u i l i b r i u m c o n s t a n t s t h a t t h e 
r a d i c a l a n i o n s o f a l k y l s u b s t i t u t e d b e n z e n e s a r e l e s s l i k e l y t o f o r m t h a n 

10 
the benzene radica l anion. Thus for the react ion: 
Na-K 
Ar + C,H Ar + C,H, 6 6 
DME 
-100' 
the aromatic hydrocarbons were found to have the fol lowing equilibrium 
constants (decreasing order of e l ec tron a f f i n i t i e s ) : benzene, 1 > toluene, 
4 .4 > _p_-xylene, 9 . 1 > ethylbenzene, 22 > cumene, 40 > m-xylene, 
51 > J:-butylbenzene, 110 > ]>-diethylbenzene, 120 > _p_-diisopropylbenzene, 
629 > ^-xylene , 890 > _p_-di-t-butylbenzene, > 4300. 
30 
Dye has reported the s o l u b i l i z a t i o n of potassium and cesium 
metals in THF and ether through the use of dicyclohexyl-18-crown-6. With" 
both s o l v e n t s , deep blue so lu t ions were formed. Solutions of both potas­
sium and cesium were readi ly formed in THF at room temperature and were 
s tab le for severa l hours even in the absence of excess metal . While THF 
so lut ions were s tab le for several days at -78°C, the s o l u t i o n s in d ie thy l 
ether were s tab l e for hours at -78°C or for 5-10 minutes at room temper-
-4 
ature. Metal concentrations of approximately 1 x 10 M were obtained by 
- 3 
using 5 x 10 M so lu t ions of dicyclohexyl-18-crown-6. Komarynisky and 
d i cyclohexy1-18-cr own-6 18-crown-6 [2 .2 .2 ]crypta te 
J . L . D y e , M. G. D e B a c k e r , and V. A . N i c e l y , J . Amer. Chem. 
S o c , 92, 5226 (1970). 
1 1 
3 1 
W e i s s m a n h a v e r e p o r t e d t h e p r e p a r a t i o n o f t h e r a d i c a l a n i o n s o f b e n ­
z e n e a n d t o l u e n e i n p a r e n t s o l v e n t s u s i n g d i c y c l o h e x y l - 1 8 - c r o w n - 6 i n 
3 2 
c o n t a c t w i t h a p o t a s s i u m m i r r o r . K a e m p h h a s r e p o r t e d t h a t d i s s o l u ­
t i o n o f s o d i u m , p o t a s s i u m , r u b i d i u m , a n d c e s i u m i n b e n z e n e a n d t o l u e n e 
i n t h e p r e s e n c e o f e i t h e r 1 8 - c r o w n - 6 o r t h e [ 2 . 2 . 2 ] c r y p t a t e t o f o r m t h e 
c o r r e s p o n d i n g r a d i c a l a n i o n s . T h e i n t e r a c t i o n b e t w e e n t h e e n c a p s u l a t e d 
c a t i o n a n d t h e r a d i c a l a n i o n w a s w e a k e r w h e n t h e c r y p t a n d w a s u s e d . 
3 3 
N e l s o n a n d Z e l e w s k y r e p o r t e d t h a t t h e c o n t a c t o f b e n z e n e , t o l u e n e , a n d 
m e s i t y l e n e s o l u t i o n s o f 1 8 - c r o w n - 6 w i t h c e s i u m a n d p o t a s s i u m m i r r o r s g a v e 
t h e c o r r e s p o n d i n g r a d i c a l a n i o n s . S i n c e s o d i u m m i r r o r s d i d n o t r e a c t t o 
g i v e r a d i c a l a n i o n s , t h e y q u e s t i o n e d t h e p u r i t y o f t h e s o d i u m u s e d b y 
K a e m p h a n d s u g g e s t e d t h a t i t w a s c o n t a m i n a t e d w i t h p o t a s s i u m . I n / r e l a t e d 
w o r k , i t h a s b e e n s h o w n t h a t p o t a s s i u m r e a c t s w i t h b e n z e n e i n t h e p r e s -
3 4 
e n c e o f p o l y e t h y l e n e o x i d e t o g i v e a r e d b e n z e n e r a d i c a l a n i o n s o l u t i o n . 
I r r a d i a t i o n o f t h i s s o l u t i o n w i t h U V - l i g h t o r d i r e c t s u n l i g h t r e s u l t s i n 
a g r e e n s o l u t i o n o f t h e d i p h e n y l r a d i c a l a n i o n . W h e n t h e b e n z e n e w a s 
d i s t i l l e d f r o m t h e r e d b e n z e n e r a d i c a l a n i o n s o l u t i o n a n d r e p l a c e d w i t h 
T H F , t h e d i p h e n y l r a d i c a l a n i o n w a s f o r m e d . H o w e v e r , t h e r e a c t i o n o f 
p o t a s s i u m w i t h b e n z e n e i n t h e p r e s e n c e o f p o l y e t h y l e n e o x i d e i n THF g a v e 
3 5 
o n l y t h e r e d s o l u t i o n . H a r t h a s s h o w n t h a t i r r a d i a t i o n o f a l k a l i n e 
^ \ [ . A . K o m a r y n s k y a n d S . I . W e i s s m a n , J . A m e r . C h e m . S o c , 9 7 , 
1 5 8 9 ( 1 9 7 5 ) . 
3 2 
B . K a e m p h , S . R a y n a l , A . C o l l e t , F . S c h u e , S . B o i l e a u , a n d J - M . 
L e h n , A g n e w . C h e m . I n t e r n a t . E d i t . , 1 3 , 6 1 1 ( 1 9 7 4 ) . 
^ G . V . N e l s o n a n d A . v o n Z e l e w s k y , J . A m e r . C h e m . S o c , 9 7 , 6 2 7 9 
( 1 9 7 5 ) . 
^ 1 . M. P a n a y o t o v , D . T . P e t r o v a , a n d C . B . T s v e t a n o v , M a k r o m o l . 
C h e m . , 1 7 6 , 8 1 5 ( 1 9 7 5 ) . 
3 5 M . H . S t u d i e r a n d E . J . H a r t , J . A m e r . C h e m . S o c , 9 1 , 4 0 6 8 ( 1 9 6 9 ) . 
1 2 
s o l u t i o n s w i t h Y ~ r a v s g e n e r a t e s h y d r a t e d e l e c t r o n s w h i c h r e a c t w i t h b e n ­
z e n e t o g i v e 1 , 4 - d i h y d r o b e n z e n e a n d o t h e r r e d u c t i o n p r o d u c t s i n c l u d i n g 
d i m e r i c p r o d u c t s o f l a r g e l y u n k n o w n s t r u c t u r e f r o m C - ^ ^ I O t 0 ^ 1 2 ^ 2 2 * 
3 6 
W i n k l e r a r i d W i n k l e r h a v e f o u n d t h a t a t r e l a t i v e l y h i g h c o n c e n -
- 2 
t r a t i o n s o f l i t h i u m a n t h r a c i d e ( 2 x 1 0 M) i n d i e t h y l e t h e r a s o l i d 
p r e c i p i t a t e d w h i c h o n h y d r o l y s i s g a v e 9 , 9 ' , 1 0 , 1 0 ' - t e t r a h y d r o - 9 , 9 - d i a n t h r y l 
T h i s s h o w s t h a t t h e r a d i c a l a n i o n o f a n t h r a c e n e m a y h a v e b o t h r a d i c a l a n d 
3 7 
a n i o n c h a r a c t e r a s p o s t u l a t e d b y S c h l e n k a n d B e r g m a n n w h o , o n c a r b o n a ­
t i o n o f a c o n c e n t r a t e d s o l u t i o n o f a n t h r a c e n e r a d i c a l a n i o n f o u n d a d i a c i d 
o f t h e f o l l o w i n g s t r u c t u r e . H o w e v e r s i n c e t h e y a l s o e r r o n e o u s l y c l a i m e d 
H C 0 2 H 
H C 0 2 H 
i s o l a t i n g a n a n a l o g o u s d i m e r f r o m t h e r e a c t i o n o f s o d i u m w i t h p h e n a t h r e n e , 
H o l l y i n h i s r e v i e w o f t h i s w o r k w a s t h e r e f o r e s k e p t i c a l o f t h e s e r e s u l t s . 
3 8 3 9 
G e r s o n a n d c o w o r k e r s ' h a v e f o u n d t h a t , w h i l e t h e r a d i c a l 
a n i o n s o f b i b e n z y l , p a r a c y c l o p h a n e s , a n d d i p h e n y l m e t h a n e i n e t h e r a l s o l ­
v e n t s a r e s t a b l e f o r h o u r s a t l o w t e m p e r a t u r e s , t h e r a d i c a l a n i o n o f 
3 6 H . J . S . W i n k l e r a n d H . W i n k l e r , J . O r g . C h e m . , 3 2 , 1 6 9 5 ( 1 9 6 7 ) . 
3 7 
W. S c h l e n k a n d E . B e r g m a n n , A n n . , 8 3 ( 1 9 2 8 ) . 
3 8 
F . G e r s o n a n d W. B . M a r t i n , J r . , J . A m e r . C h e m . S o c , 9 1 , 1 8 8 3 
( 1 9 6 9 ) . 
39 
C . E l s c h e n b r o i e h , F . G e r s o n , a n d V . B o e k e l h e i d e , H e l v . C h i m . 
A c t a , 5 8 , 1 2 4 5 ( 1 9 7 5 ) ' . 
13 
[ 2 . 2 ] m e t a c y c l o p h a n e u n d e r g o e s c h e m i c a l c o n v e r s i o n e v e n a t - 8 0 ° C t o - 1 0 0 ° C . 
T h u s t h e E S R s p e c t r u m o b t a i n e d o n t h e r e d u c t i o n o f [ 2 . 2 ] m e t a c y c l o p h a n e 
b y p o t a s s i u m w e r e i d e n t i c a l w i t h t h a t , o f t h e r a d i c a l a n i o n o f 4 , 5 , 9 , 1 0 -
t e t r a h y d r o p y r e n e ( s e e S c h e m e 6 ) . 
S c h e m e 6 r~ ~ l 
A l k a l i m e t a l s c o u l d a l s o r e a c t w i t h a l k y l b e n z e n e s i n t h e s a m e 
m a n n e r a s d i p h e n y l m e t h a n e a n d t r i p h e n y l m e t h a n e t o f i r s t f o r m a r a d i c a l 
a n i o n a n d t h e n r e p l a c e a n a c i d i c h y d r o g e n t o f o r m a b e n z y l i c a n i o n . 
H o w e v e r , t h i s h a s n o t b e e n o b s e r v e d f o r t h e a l k a l i m e t a l s l i t h i u m , s o d i u m , 
o r p o t a s s i u m . C e s i u m h o w e v e r d o e s r e a c t w i t h t o l u e n e a t 2 8 . 5 ° C ( t h e 
m e l t i n g p o i n t o f c e s i u m ) t o f o r m b e n z y l c e s i u m . ^ H a c k s p i l l " ^ r e p o r t s 
t h a t x y l e n e , e t h y l b e n z e n e , c u m e n e , a n d t e t r a h y d r o n a p h t h a l e n e a l l f o r m 
b e n z y l i c c a r b a n i o n s . T h e s e w e r e i s o l a t e d a n d i d e n t i f i e d a f t e r c a r b o n a t i o n 
S c h e m e 7 




N . C o l l i n g n o n , J . O r g a n o m e t a l . c h e m . , 9 6 , 1 3 9 ( 1 9 7 5 ) . 
4 2 K . Z i e g l e r , C h e m . B e r . , 5 6 8 , 1 7 4 0 ( 1 9 2 3 ) . 
43 ,. 
J . B . C o n a n t a n d B . S . G a r v e y , J r . , J . A m e r . C h e m . S o c , 4 5 , 
( 1 9 2 3 ) . 
4 4 
J . M. P e a r s o n , D . J . W i l l i a m s , a n d M . L e v y , J . A m e r . C h e m . S o c , 
9 3 , 5 4 7 8 ( 1 9 7 1 ) . 
a n d a c i d i f i c a t i o n a s t h e c o r r e s p o n d i n g o r g a n i c a c i d s . C o l l i n g n o n h a s 
s h o w n t h a t a t 2 0 ° C i n t h e p r e s e n c e o f THF t o l u e n e , e t h y l b e n z e n e , c u m e n e , 
x y l e n e s , a n d m e s i t y l e n e a r e d i r e c t l y m e t a l l a t e d b y c e s i u m w i t h q u a n t i ­
t a t i v e e v o l u t i o n o f h y d r o g e n . T h e r e l a t i v e r a t e s o f r e a c t i o n ( t h e s e 
r a t e s a r e n o t s t a t i s t i c a l l y c o r r e c t e d f o r t h e n u m b e r o f b e n z y l i c h y d r o ­
g e n s ) f o r t h e s e h y d r o c a r b o n s w i t h c e s i u m t o f o r m c a r b a n i o n s w e r e f o u n d 
t o b e : o - x y l e n e , 1 . 0 0 > t o l u e n e , 0 . 4 3 > m - x y l e n e , 0 . 3 4 > m e s i t y l e n e , 
0 . 3 2 > e t h y l b e n z e n e , 0 . 1 6 > p - x y l e n e , 0 . 0 4 > c u m e n e , 0 . 0 3 . 
4 2 
Z i e g l e r h a s s h o w n t h a t d i s s o c i a b l e e t h a n e s s u c h a s t e t r a p h e n y l -
e t h a n e r e a c t w i t h l i q u i d s o d i u m - p o t a s s i u m a l l o y t o f o r m d i p h e n y l m e t h y l -
p o t a s s i u m ' ' " ' ' " w h i c h a f t e r h y d r o l y s i s g a v e d i p h e n y l m e t h a n e a n d a f t e r c a r b o n -
4 3 
a t i o n d i p h e n y l a c e t i c a c i d . H o w e v e r , C o n a n t a n d G a r v e y f o u n d t h a t 
d i b e n z y l d i d n o t c l e a v e w h e n r e a c t e d w i t h s o d i u m - p o t a s s i u m a l l o y i n 
e i t h e r e t h e r o r b e n z e n e . G i l m a n a n d Young' '" ' ' " f o u n d t h a t b i b e n z y l r e a c t e d 
w i t h p o t a s s i u m - r u b i d i u m a l l o y i n p e t r o l e u m e t h e r t o g i v e a f t e r c a r b o n a -
4 4 
t i o n s y m - d i p h e n y l s u c c i n i c a c i d . P e a r s o n a n d c o w o r k e r s f o u n d t h a t t h e 
r a d i c a l a n i o n s o f d i a r y l e t h a n e s a n d [ 2 . 2 ] p a r a c y c l o p h a n e p r e p a r e d b y 
r e a c t i o n o f t h e h y d r o c a r b o n w i t h a p o t a s s i u m m i r r o r i n THF o r DME a t - 7 8 ° C 
d e c o m p o s e o n w a r m i n g t o d i a m a g n e t i c h i g h l y c o l o r e d s p e c i e s . Q u e n c h i n g o f 
t h e h i g h l y c o l o r e d d e c o m p o s i t i o n p r o d u c t s o f t h e r a d i c a l a n i o n s o f 
1 5 
' j . L . M a r s h a l l a n d T . K . F o l s o m , T e t r a h e d r o n L e t t . , 7 5 7 ( 1 9 7 1 ) . 
'A. L a g e n d i j k a n d M. S z w a r c , J . A m e r . C h e m . S o c , 9 3 , 5 3 5 9 ( 1 9 7 1 ) . 
b i b e n z y l , 1 , 2 - d i - a - n a p h t h y l e t h a n e , a n d 1 , 2 - d i - 9 - a n t h r y l e t h a n e w i t h 
m e t h a n o l g a v e t o l u e n e , 1 - m e t h y l n a p h t h a l e n e , a n d 9 - m e t h y l a n t h r a c e n e r e s p e c ­
t i v e l y ( n o y i e l d s w e r e g i v e n ) . T h e o p t i c a l s p e c t r a o f t h e d e c o m p o s i t i o n 
p r o d u c t s o f t h e r a d i c a l a n i o n s o f 1 , 2 - d i - a - n a p h t h y l e t h a n e a n d l , 2 - d i - 9 -
a n t h r y l e t h a n e w e r e s h o w n t o b e i d e n t i c a l t o t h e c a r b a n i o n s f o r m e d b y t h e 
c l e a v a g e o f a - m e t h o x y m e t h y l n a p h t h a l e n e a n d 9 - m e t h y o x y m e t h y l a n t h r a c e n e 
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w i t h p o t a s s i u m . M a r s h a l l a n d F o l s o m f o u n d t h a t w h e n a s o l u t i o n o f 
[ 2 . 2 ] p a r a c y c l o p h a n e i n THF w a s a d d e d t o s o d i u m i n r e f l u x i n g a m m o n i a a n d 
t h e n p r o t o n a t e d w i t h a l c o h o l a 9 4 % y i e l d o f p , p ' - d i m e t h y l b i b e n z y l w a s 
o b t a i n e d . I t h a s b e e n s h o w n b y L a g e n d i s k a n d S z w a r c t h a t f o r 1 , 2 - d i - a -
n a p h t h y l e t h a n e c o m p o u n d s r e a c t i o n i n e t h e r a l s o l v e n t s w i t h a l k a l i m e t a l s 
o r l i t h i u m b i b p h e n y l i d e g e n e r a t e s f i r s t t h e r a d i c a l a n i o n a n d t h e n t h e 
d i r a d i c a l a n i o n w h i c h c l e a v e s t o f o r m t w o e q u i v a l e n t s o f a - n a p h t h y l m e t h y l 
a n i o n ( s e e S c h e m e 8 ) . ^ 
S c h e m e 8 
1 6 
S i n c e o n l y c e s i u m o f a l l t h e a l k a l i m e t a l s r e a c t s e x t e n s i v e l y w i t h 
b e n z e n e t o f o r m a h i g h y i e l d o f r a d i c a l a n i o n a n d s u b s e q u e n t l y t h e d i a n -
i o n i c b e n z e n e d i m e r , c e s i u m ( o r l o w m e l t i n g c e s i u m a l l o y s ) i s t h e a l k a l i 
m e t a l b e s t s u i t e d f o r t h e l o w t e m p e r a t u r e s t u d y o f t h e d i m e r i z a t i o n o f 
a l k y l b e n z e n e s , i n t r a m o l e c u l a r c y c l i z a t i o n o f p o l y p h e n y l a l k a n e s , a n d 
c l e a v a g e o r i n t r a m o l e c u l a r c y c l i z a t i o n o f b i b e n z y l t y p e c o m p o u n d s . T h u s 
i t i s t h e p u r p o s e o f t h i s r e s e a r c h i n p a r t t o i m p r o v e t h e y i e l d o f t h e 
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b e n z e n e d i m e r f r o m t h e r e a c t i o n o f c e s i u m w i t h b e n z e n e ( s e e S c h e m e 4 ) 
t h r o u g h t h e u s e o f t h e l o w m e l t i n g C s - K - N a a l l o y a n d t o d e t e r m i n e i f 
s i m i l a r d i m e r i z a t i o n r e a c t i o n s o c c u r i n t h e l o w t e m p e r a t u r e r e a c t i o n s o f 
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t o l u e n e , m - x y l e n e , p - x y l e n e a n d t - b u t y l b e n z e n e w i t h C s - K - N a a l l o y i n 
T H F . T h e r e a c t i o n s o f 1 , 3 - d i p h e n y l p r o p a n e , b i b e n z y l , T , 2 - d i - 2 - t o l y l e t h a n e , 
2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n e a n d 1 , 2 , 2 - t r i p h e n y l p r o p a n e w i t h C s - K - N a 
a l l o y w e r e i n v e s t i g a t e d t o d e t e r m i n e i f i n t r a m o l e c u l a r c y c l i z a t i o n , 
c l e a v a g e o r r e d u c t i o n w o u l d o c c u r i n t h e s e s y s t e m s . T h e r e a c t i o n s o f 
b e n z e n e , b i p h e n y l , 2 , 2 - d i p h e n y l p r o p a n e , l , 3 ^ d i p h e n y l p r o p a n e , a n d c y c l o -
h e x y l c h l o r i d e w i t h C s - K a l l o y w e r e s t u d i e d t o e s t a b l i s h w h e t h e r o r n o t 
c e s i u m w a s t h e r e a c t i n g m e t a l i n t h i s b i n a r y a l l o y . S i m i l a r l y t h e r e a c -
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t i o n o f b e n z e n e , t o l u e n e , 1 , 3 - d i p h e n y l p r o p a n e , 1 , 1 , 1 - t r i p h e n y l e t h a n e , 
a n d 2 , 2 , 3 - t r i p h e n y l p r o p y l c h l o r i d e w i t h C s - K - N a a l l o y w e r e i n v e s t i g a t e d 
t o d e t e r m i n e t h e r e a c t i n g m e t a l i n t h e t e r n a r y a l l o y . I n a d d i t i o n , t h e 
e f f e c t o f a d d i t i o n o f 1 8 - c r o w n - 6 o n t h e r e a c t i o n s o f b e n z e n e w i t h c e s i u m 
a n d C s - K - N a a l l o y a n d o f m - x y l e n e w i t h C s - K - N a a l l o y w e r e s t u d i e d . 
A p r e l i m i n a r y e o m m u n i c a t i o h a b s t r a c t i n g t h e r e a c t i o n s o f b e n z e n e , 
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E . G r o v e n s t e i n , J r . , T . H . L o n g f i e l d , a n d D . E . Q u e s t , J . A m e r . 
C h e m . S o c , 9 9 , 2 8 0 0 ( 1 9 7 7 ) . 
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t o l u e n e , and 1 , 1 , 1 - t r i p h e n y l e t h a n e w i t h Cs-K-Na a l l o y from t h i s t h e s i s 
and t h e r e a c t i o n of benzene w i t h cesium m e t a l from t h e Ph.D. t h e s i s of 
4 47 T. H. L o n g f i e l d has been p u b l i s h e d . 
1 8 
CHAPTER I I 
REAGENTS AND SOLVENTS 
A c e t o n e - d g 
MSD I s o t o p e s p e r d e u t e r o a c e t o n e , 9 9 . 5 % , c o n t a i n i n g 1% b y v o l u m e 
o f t e t r a m e t h y l s i l a n e w a s u s e d a s a n n m r s o l v e n t . 
A c e t o n i t r i l e 
F i s h e r C e r t i f i e d A . C . S . a c e t o n i t r i l e w a s u s e d . 
B a r i u m 
F i s h e r b a r i u m m e t a l , 9 9 % , l u m p s w e r e m a c h i n e d i n t o B a r i b b o n b y 
M r . K e n W i l l i a m s , a n d s t o r e d u n d e r h e a v y m i n e r a l o i l . 
B e n z e n e 
F i s h e r C e r t i f i e d A . C . S . S p e c t r a n a n a l y z e d b e n z e n e , g c p u r e , w a s 
d r i e d o v e r N a w i r e b e f o r e u s e . 
B e n z e n e - d , b 
M a l l i n c k r o d t p e r d e u t e r o b e n z e n e , 9 9 . 5 % , w i t h 1% b y v o l u m e t e t r a ­
m e t h y l s i l a n e a d d e d w a s u s e d a s a n n m r s o l v e n t . 
B e n z o i c A c i d 
U n l a b e l e d b e n z o i c a c i d , g c p u r e , w a s u s e d . 
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2 - B e n z y l - 2 , 3 - D i p h e n y l p r o p a n b i c A c i d 
T h i s a c i d w a s p r e p a r e d b y R. E . W i l l i a m s o n b y t h e s a p o n i f i c a t i o n 
o f t h e c o r r e s p o n d i n g m e t h y l e s t e r i n r e f l u x i n g a l c o h o l i c KOH. 
B i b e n z y l 
E a s t m a n b i b e n z y l , g c p u r e , w a s u s e d . 
B i p h e n y l 
E a s t m a n b i p h e n y l , g c p u r e , w a s u s e d . 
2 - B i p h e n y l c a r b o x y l i c A c i d 
A l d r i c h 2 - b i p h e n y l c a r b o x y l i c a c i d , g c p u r e , w a s U s e d . 
4 - B i p h e n y l c a r b o x y l i c A c i d 
A l d r i c h 4 - b i p h e n y l c a r b o x y l i c a c i d , g c p u r e , w a s u s e d . 
j D j j D ' - B i p h e n y l d i c a r b o x y l i c A c i d 
K a n d K L a b o r a t o r i e s j p j j s ' - b i p h e n y I d i c a r b o x y l i e a c i d , g c p u r e , 
w a s u s e d . 
1 , 2 - B i s ( 2 - C h l o r o e t h o x y ) E t h a n e 
E a s t m a n P r a c t i c a l G r a d e 1 , 2 - B i s ( 2 - C h l o r o e t h o x y ) E t h a n e w a s u s e d . 
t - B u t a n o l 
F i s h e r C e r t i f i e d A . C . S . j t - b u t a n o l w a s u s e d . 
J t - B u t y l b e n z e n e 
A l d r i c h t - b u t y l b e n z e n e , 98% p u r e b y g c , d r i e d o v e r N a w i r e w a s 
u s e d . 
2 0 
C a r b o n B i s u l f i d e 
B a k e r A n a l y z e d R e a g e n t c a r b o n d i s u l f i d e w i t h 1% b y v o l u m e t e t r a -
m e t h y l s i l a n e a d d e d w a s u s e d a s a n n m r s o l v e n t . 
C a r b o n T e t r a c h l o r i d e 
F i s h e r C e r t i f i e d A . C . S . c a r b o n t e t r a c h l o r i d e w i t h 1% b y v o l u m e 
t e t r a m e t h y l s i l a n e a d d e d w a s u s e d a s a n n m r s o l v e n t . 
C e s i u m 
MSA R e s e a r c h C o r p . c e s i u m m e t a l , 9 9 . 9 % , i n s e a l e d g l a s s a m p u l e s 
u n d e r a r g o n w a s u s e d . 
C h l o r o f o r m - d 
MSD I s o t o p e s p e r d e u t e r o c h l o r o f o r m , 9 9 . 8 % , w i t h 1% b y v o l u m e t e t r a -
m e t h y l - s i l a n e a d d e d w a s u s e d a s a n n m r s o l v e n t . 
1 8 - C r o w n - 6 
L i o t t a . 
T h e 1 8 - c r o w n - 6 w a s p r e p a r e d a n d p u r i f i e d b y t h e m e t h o d o f C r a m a n d 
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1 , 3 - C y c l o h e x a d i e n e 
M a t h e s o n , C o l e m a n & B e l l 1 , 3 - c y c l o h e x a d i e n e , g c p u r e , w a s u s e d . 
C y c l o h e x a n e 
B a k e r G C - S p e c t r o p h o t o m e t r i c Q u a l i t y c y c l o h e x a n e , w a s u s e d . 
C y c l o h e x a n e c a r b o x y l i c A c i d 
E a s t m a n c y c l o h e x a n e c a r b o x y l i c a c i d , g c p u r e , w a s u s e d . 
— 
G . W. G o k e l , D . J . C r a m , C . L . L i o t t a , H . P . H a r r i s , a n d F . L . 
C o o k , J . O r g . C h e m . , 39_, 2 4 4 5 ( 1 9 7 4 ) . 
2 1 
C y c l o h e x e n e 
P h i l l i p s 6 6 c y c l o h e x e n e , 9 9 % , d i s t i l l e d o n a s p i n n i n g b a n d c o l u m n 
b y A . J . M o s h e r w a s u s e d . 
C y c l o h e x y l C h l o r i d e 
E a s t m a n c y c l o h e x y l c h l o r i d e , g c p u r e , w a s u s e d . 
D e u t e r i u m O x i d e 
S t o c k D 2 O s h o w n t o b e 9 9 . 5 % p u r e b y n m r w a s u s e d a s a q u e n c h i n g 
r e a g e n t . 
2 , 3 - D i c h l o r o - 5 , 6 - D i c y a n o - l , 4 - B e n z o q u i n o n e (DDQ) 
A l d r i c h DDQ, 9 8 % , w a s s t o r e d i n a r e f r i g e r a t o r u n t i l u s e . 
D i c y c l o h e x y l 
A l d r i c h d i c y c l o h e x y l , g c p u r e , w a s u s e d . 
1 , 4 - D i h y d r o b e n z e n e 
A l d r i c h 1 , 4 - d i h y d r o b e n z e n e , g c - n m r p u r e , - w a s u s e d . 
1 , 4 - D i h y d r o b i p h e n y 1 
49 
T h i s c o m p o u n d p r e p a r e d b y L o n g f i e l d w a s 9 0 % p u r e b y g c 
2 , 3 - D i m e t h y l b e n z o i c A c i d 
A l d r i c h 2 , 3 - d i m e t h y l b e n z o i c a c i d , g c p u r e , w a s u s e d , 
2 , 4 - D i m e t h y l b e n z o i c A c i d 
A l d r i c h 2 , 4 - d i m e t h y l b e n z b i c a c i d , g c p u r e , w a s u s e d . 
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R e f e r e n c e 4 , p . 1 1 1 . 
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2 , 5 - D i m e t h y l b e n z o i c Acid 
A l d r i c h 2 , 5 - d i m e t h y l b e n z o i c a c i d , gc p u r e , was u s e d . 
2 , 6 - D i m e t h y l b e n z o i c Acid 
A l d r i c h 2 , 6 - d i m e t h y l b e n z o i c a c i d , gc pure , was u s e d . 
3 , 4 - D i m e t h y l b e n z o i c Acid 
A l d r i c h 3 , 4 - d i m e t h y l b e n z o i c a c i d , gc p u r e , was u s e d . 
3 , 5 - D i m e t h y l b e n z o i c Acid 
A l d r i c h 3 , 5 - d i m e t h y l b e n z o i c a c i d , gc p u r e , was u s e d . 
2 , 2 1 - D i m e t h y l b i p h e n y l 
K and K L a b o r a t o r i e s 2 , 2 ^ d i m e t h y l b i p h e n y l , gc pure , was u s e d . 
3 , 3 ' - D i m e t h y l b i p h e n y l 
A l d r i c h 3 , 3 ' - d i m e t h y l b i p h e n y l , gc pure , was u s e d . 
4 , 4 - ' D i m e t h y l b i p h e n y l 
A l d r i c h 4 , 4 ' - d i m e t h y l b i p h e n y l , gc pure , was u s e d . 
2 , 3 - D i m e t h y 1 - 2 , 3 - D i p h e n y l b u t a n e 
Chem Samples 2 , 3 - d i m e t h y 1 - 2 , 3 - d i p h e n y l b u t a n e , 99%, was u s e d . 
a > q - D i m e t h y I p h e n y l a c e t i c Acid 
K and K L a b o r a t o r i e s a , a - d i m e t h y I p h e n y l a c e t i c a c i d , gc pure , was 
used a f t e r b e i n g vacuum subl imed (140°C, 1 mm Hg) and r e c r y s t a l l l z e d from 
hexane . 
Diphenic Acid ( £ , o - b i p h e n y l d i c a r b o x y l i c a c i d ) 
A l d r i c h d i p h e n i c a c i d , gc pure , was u s e d . 
D i p h e n y l a c e t i c Acid 
A l d r i c h d i p h e n y l a c e t i c a c i d , gc pure , was u s e d . 
2 3 
1 , 1 - D i p h e n y l e t h a n e 
K a n d K L a b o r a t o r i e s 1 , 1 - d i p h e n y l e t h a n e w a s u s e d . 
D i p h e n y l n n e t h a n e 
E a s t m a n P r a c t i c a l G r a d e d i p h e n y l m e t h a n e 94% ( 6 % f l u o r e n e ) p u r e b y 
g c w a s u s e d . T h i s c o m p o u n d w a s v a c u u m d i s t i l l e d ( 8 7 ° C , 0 . 1 mm H g ) b e f o r e 
u s e . 
1 , 3 - D i p h e n y l p r o p a n e 
T h i s c o m p o u n d w a s p r e p a r e d b y t h e W o l f f - K i s h n e r r e d u c t i o n " ^ o f s y m -
d i p h e n y l a c e t o n e a n d w a s v a c u u m d i s t i l l e d ( 7 8 ° C , 0 . 2 mm H g ) b e f o r e u s e . 
2 , 2 - D i p h e n y I p r o p a n e 
A l d r i c h 2 , 2 - d i p h e n y I p r o p a n e , 9 5 % w a s s t o r e d o v e r 4 A" m o l e c u l a r 
s i e v e s . 
2 , 2 - D i p h e n y l p r o p i o n i c A c i d 
A l d r i c h 2 , 2 - d i p h e n y l p r o p i o n i c a c i d , g c p u r e , w a s u s e d . 
1 , 2 - D i - p - T o l y l e t h a n e 
A l d r i c h 1 , 2 - D i - p _ - T o l y l e t h a n e , g c p u r e , w a s u s e d . 
E t h y l b e i i z e n e 
M a t h e s o n e t h y l b e n z e n e , C o l e m a n a n d B e l l , g c p u r e , w a s u s e d 
E t h y l B e n z o a t e 
E a s t m a n e t h y l b e n z o a t e , 9 5 % p u r e b y g c , w a s u s e d . 
5 0 H . M i n i o n , J . A m e r . C h e m . S o c , 6 8 , 2 4 8 7 ( 1 9 4 6 ) . 
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Ethy l Ether 
F i s h e r Anhydrous Grade e t h y l e t h e r was u s e d . 
F l o u r e n e 
Eastman f l o u r e n e , 90% pure by g c , was u s e d . 
Hydrochlor ic Acid 
F i s h e r Reagent A .C .S . h y d r o c h l o r i c a c i d , was u s e d . 
I o d i n e 
M a l l i n k r o d t U . S . P . resubl imed i o d i n e c r y s t a l s were u s e d . 
m-Iod ot o l u ene 
Eastman r e a g e n t grade m - i o d o t o l u e n e was u s e d . 
I s o p h t h a l i c Acid 
Eastman i s o p h t h a l i c a c i d , gc pure , was u s e d . 
I s o p r o p y l A l c o h o l 
Stock i s o p r o p y l a l c o h o l was used w i t h crushed dry i c e f o r c o o l i n g 
b a t h s . 
Magnesium 
F i s h e r Mg rods were f r e s h l y m i l l e d i n t o smal l p i e c e s ( c a . 1x5 mm) 
by Mr. Ken W i l l i a m s . The m i l l e d Mg, because of i t s very c l e a n s u r f a c e , 
was q u i t e r e a c t i v e and r e a d i l y formed Grignand r e a g e n t s . 
Magnesium S u l f a t e 
F i s h e r Anhydrous grade magnesium s u l f a t e was u s e d . 
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Methanol 
Stock methanol was used as the cooling l iqu id in the Lauda K2/R 
cooling pump. 
1-Methyl- l ,4-cyclohexadiene 
Chem Samples 1-methyl-l , 4-cyc.lohexadiene, 99%, was used. 
2-Methylcyclohexanone 
Eastman reagent grade 2-methylcyclohexanone was used. 
1-Methylcyclohexene 
Chem S a m p l e s m e t h y l c y c l o h e x e n e , 99% w a s u s e d . 
Methylene Chloride 
Fisher Cert i f ied A.C.S. methylene chloride was used. 
Methyl Phenylacetate 
J. T. Baker methyl phenylacetate , gc pure, was used. 
Mineral Oil 
Fisher Laboratory Grade mineral o i l was used. 
Nitrogen 
Linde Prepurified nitrogen (5 ppm 1^0 max.; 3 ppm 0^ max.) was 
used. 
5% Palladium on Carbon 
Engelhard Pd/C was used. 
Phthalic Acid 
Matheson, Coleman and Bel l phthal ic acid, gc pure, was used. 
P h e n y l a c e t i c A c i d 
J . T . B a k e r p h e n y l a c e t i c a c i d , g c p u r e , w a s u s e d . 
4 - P h e n y l b u t y r i c A c i d 
E a s t m a n 4 - p h e n y l b u t y r i c a c i d , g c p u r e , w a s u s e d . 
P h e n y 1 c y c l o h e x a n e 
C h e m S a m p l e s p h e n y l c y c l o h e x a n e , 99% w a s u s e d . 
1 - P h e n y 1 e y e l o h e x e n e 
C h e m S a m p l e s p h e n y l c y c l o h e x e n e , 99%, w a s u s e d . 
j > - P h e n y l e n e d i a c e t i c A c i d 
A l d r i c h £ - p h e n y l e n e d i a c e t i c a c i d , g c p u r e , w a s u s e d . 
P o t a s s i u m 
F i s h e r p o t a s s i u m s t i c k s w e r e s t o r e d u n d e r h e a v y m i n e r a l o i l , 
P o t a s s i u m H y d r o x i d e 
F i s h e r p o t a s s i u m h y d r o x i d e p e l l e t s w e r e u s e d . 
S o d i u m 
J . T . B a k e r P u r i f i e d s o d i u m l u m p s t o r e d u n d e r m i n e r a l o i l . 
S o d i u m A l u m i n u m H y d r i d e 
A l p h a I n o r g a n i c s N a A l H ^ , s t o r e d u n d e r n i t r o g e n , w a s u s e d , 
S o d i u m C h l o r i d e 
S t o c k U . S . P . N a C l w a s u s e d . 
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S o d i u m H y d r o x i d e 
F i s h e r C e r t i f i e d A . C . S . s o d i u m h y d r o x i d e e l e c t r o l y t i c p e l l e t s 
w e r e u s e d . 
S o d i u m T e t r a p h e n y l b o r o n ( N a T P B ) 
F i s h e r R e a g e n t G r a d e s o d i u m t e t r a p h e n y l b o r o n w a s u s e d . 
T e r e p h t h a l i c A c i d 
E a s t m a n t e r e p h t h a l i c a c i d , g c p u r e , w a s u s e d . 
T e t r a d e c a n e 
A l d r i c h t e t r a d e c a n e , g c p u r e , w a s u s e d . 
T e t r a h y d r o f u r a n ( T H F ) 
F i s h e r C e r t i f i e d THF w a s u s e d a f t e r b e i n g s t o r e d o v e r N a w i r e 
a n d d i s t i l l e d f r o m N a A l H ^ w h i l e u n d e r n i t r o g e n . 
T e t r a m e t h y l s i l a n e (TMS) 
MSD I s o t o p e s TMS w a s u s e d a s i n t e r n a l n m r s t a n d a r d . 
T o l u e n e 
F i s h e r C e r t i f i e d A . C . S . g r a d e t o l u e n e w a s u s e d a f t e r b e i n g d r i e d 
o v e r N a w i r e . 
p - T o l u e n e s u l f o n i c A c i d 
J . T . B a k e r r e a g e n t g r a d e p - t o l u e n e s u l f o n i c a c i d , w a s u s e d . 
j D - T o l y a c e t i c A c i d 
A l d r i c h j > - T o l y a c e t i c a c i d , g c p u r e , w a s u s e d . 
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5 2 
T r i e t h y l e n e G l y c o l 
F i s h e r P u r i f i e d g r a d e t r i e t h y l e n e g l y c o l w a s u s e d . 
2 , 2 , 4 - T r i p h e n y l b u t a n o i c A c i d 
T h i s c o m p o u n d p r e p a r e d b y W i l l i a m s " ^ w a s g c p u r e . 
3 , 3 , 4 - T r i p h e n y l . b u t a n o i c A c i d 
T h i s c o m p o u n d p r e p a r e d b y W i l l i a m s " ^ w a s g c p u r e . 
1 , 1 , 1 - T r i p h e n y l e t h a n e 
T h i s c o m p o u n d w a s p r e p a r e d b y t h e m e t h o d o f G o m b e r g a n d C o n e 
a n d w a s f o u n d t o b e p u r e b y g c ( R . C a r t e r ) . 
1 , 2 , 2 - T r i p h e n y I p r o p a n e 
5 3 
T h i s c o m p o u n d w a s p r e p a r e d b y t h e m e t h o d o f Z i e g l e r a n d w a s f o u n d 
t o b e p u r e b y g c ( E . G r o v e n s t e i n , J r . , p . 1 1 - 4 7 ) . 
1 , 2 , 3 - T r i p h e n y l p r o p a n e 
5 4 
T h i s c o m p o u n d w a s p r e p a r e d b y t h e m e t h o d o f H a l l e t al. a n d w a s 
f o u n d t o b e g c p u r e ( R . E . W i l l i a m s o n , p . 1 - 7 9 ) . 
1 , 1 , 3 - T r i p h e n y l p r o p a n e 
T h i s c o m p o u n d p r e p a r e d b y W i l l i a m s " ^ w a s g c p u r e . 
5 1 L . P . W i l l i a m s , P h . D . T h e s i s , " R e a r r a n g e m e n t o f H y d r o c a r b o n 
C a r b a n i o n s . " G e o r g i a I n s t i t u t e o f T e c h n o l o g y , 1 9 6 2 , p p . 4 2 - 4 5 . 
5 2 M . G o m b e r g a n d L . H . C o n e , C h e m . B e r . , 3 9 , 1 4 6 6 ( 1 9 0 6 ) . 
5 3 K . Z i e g l e r , A n n . C h e m . , 4 3 7 , 2 4 4 ( 1 9 2 9 ) . 
5 4 
S . S . H a l l , S . D . L i p s k y , F . J . M c E n r o e , a n d A . P . B a r t e l s , 
J . O r g . C h e m . , 36, 2 5 8 8 ( 1 9 7 1 ) . 
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2 , 2 , 3 - T r i p h e n y l p r o p y l C h l o r i d e 
T h i s c h l o r i d e w a s p r e p a r e d b y t h e m e t h o d o f G r o v e n s t e i n a n d 
W e n t w o r t h * ^ ( R . E . W i l l i a m s o n , p . 1 - 8 9 ) . 
m - X y l e n e 
P h i l l i p s R e s e a r c h G r a d e m - x y l e n e , 9 9 . 9 8 % , w a s u s e d , 
£ - X y l e n e 
P h i l l i p s P u r e G r a d e j p j - x y l e n e , 9 9 % , w a s u s e d . 
~ ^ E . G r o v e n s t e i n , J r . a n d G . W e n t w o r t h , J . A m e r . C h e m . S o c , 8 9 , 
1 8 5 2 ( 1 9 6 7 ) . 
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CHAPTER I I I 
INSTRUMENTATION AND GENERAL PROCEDURES 
P r o t o n m a g n e t i c r e s o n a n c e s p e c t r a ("Si NMR) w e r e r u n o n a 6 0 mHz 
V a r i a n , A - 6 0 D a n d 6 0 mHz V a r i a n , T - 6 0 r e l a t i v e t o i n t e r n a l t e t r a m e t h y l -
1 3 
s i l a n e ( T M S ) . C a r b o n 1 3 n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a ( C NMR) 
w e r e r u n o n a J e o l , P F T - 1 0 0 F o u r i e r T r a n s f o r m NMR S p e c t r o m e t e r r e l a t i v e 
t o i n t e r n a l t e t r a m e t h y l s i l a n e . E l e c t r o n s p i n r e s o n a n c e s p e c t r a w e r e 
o b t a i n e d o n a M a g n i o n ESR S p e c t r o m e t e r a t X B a n d ( c a 9 6 0 0 m H z ) . A s o l u ­
t i o n o f 2 , 2 - d i p h e n y 1 - 1 - p i c r y l h y d r a z y l ( f r e e r a d i c a l ) i n t e t r a h y d r o f u r a n 
w a s u s e d a s t h e s t a n d a r d t o d e t e r m i n e t h e r a d i c a l c o n c e n t r a t i o n o f s a m p l e s 
s t u d i e d . I n f r a r e d s p e c t r a w e r e r u n o n a P e r k i n - E l m e r , m o d e l 2 3 7 B , g r a t i n g 
s p e c t r o p h o t o m e t e r a n d c a l i b r a t e d w i t h t h e 1 6 0 0 c m ^ b a n d o f p o l y s t y r e n e . 
U l t r a v i o l e t - v i s i b l e s p e c t r a w e r e o b t a i n e d u p o n a C a r y - 1 4 s p e c t r o p h o t o m e ­
t e r a n d P e r k i n - E l m e r 2 0 2 s p e c t r o p h o t o m e t e r . 
M a s s s p e c t r a w e r e r u n o n a V a r i a n m o d e l A - 6 6 a n d a H i t a c h i - P e r k i n -
E l m e r , m o d e l R M U - 7 L - P e a k h e i g h t s w e r e d e t e r m i n e d r e l a t i v e t o t h e m o s t 
i n t e n s e i o n ( 1 0 0 % ) b y u s e o f a G e r b e r v a r i a b l e s c a l e . 
A J a r r e l A s h A t o m i c A b s o r p t i o n - E m i s s i o n S p e c t r o p h o t o m e t e r , 
e q u i p p e d w i t h a h y d r o g e n b u r n e r , w a s u s e d i n t h e f l a m e e m i s s i o n m o d e a t 
4 0 4 4 A f o r K , 4 5 5 6 A* f o r C s , a n d 5 8 9 0 A f o r N a t o d e t e r m i n e t h e a m o u n t s 
o f t h e s e m e t a l s i n C s - K - N a a l l o y s a m p l e s . T h e a m o u n t o f e a c h m e t a l w a s 
d e t e r m i n e d b y - c o m p a r i n g a q u e o u s s o l u t i o n s o f t h e a l l o y w i t h s t a n d a r d 
s o l u t i o n s o f v a r i e d b u t k n o w n c o n c e n t r a t i o n p r e p a r e d f r o m t h e a p p r o p r i a t e 
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m e t a l c h l o r i d e . M e l t i n g p o i n t d e t e r m i n a t i o n s w e r e made w i t h u s e o f a 
Mel-Temp a p p a r a t u s ; o n l y c o r r e c t e d v a l u e s a r e r e p o r t e d i n t h i s t h e s i s . 
Gas c h r o m a t o g r a p h y ( g c ) was a c c o m p l i s h e d o n a P e r k i n - E l m e r Chroma-
t o g r a p h ( P E ) , m o d e l 8 8 1 , and an F and M R e s e a r c h C h r o m a t o g r a p h (FM), 
m o d e l 8 1 0 . S t a i n l e s s s t e e l i n j e c t o r b l o c k s and c o l u m n s w e r e u s e d w i t h 
n i t r o g e n a s t h e c a r r i e r g a s . B o t h i n s t r u m e n t s w e r e e q u i p p e d w i t h h y d r o ­
g e n - f l a m e i o n i z a t i o n d e t e c t o r s , t h e c o l u m n s u s e d and t y p i c a l o p e r a t i n g 
c o n d i t i o n s a r e g i v e n i n T a b l e 1 . Gas c h r o m a t o g r a m s w e r e a n a l y z e d b y 
d e t e r m i n i n g t h e a r e a o f t h e p e a k s by c o u n t i n g t h e c h a r t p a p e r s q u a r e s . 
Q u a l i t a t i v e g c y i e l d s a r e g i v e n i n r e l a t i v e p e a k a r e a s w h e r e a s a b s o l u t e 
o r q u a n t i t a t i v e g c y i e l d s a r e b a s e d on a n i n t e r n a l s t a n d a r d and known 
s a m p l e s . 
I n a l l o f t h e r e a c t i o n s o f a r o m a t i c h y d r o c a r b o n s o r a l k y l c h l o r ­
i d e s w i t h Cs-K or Cs -K-Na a l l o y , t h e e x p e r i m e n t s w e r e c a r r i e d o u t i n a 
g l o v e b o x u n d e r a p r e p u r i f i e d n i t r o g e n a t m o s p h e r e . The a p p a r a t u s n o r ­
m a l l y c o n s i s t e d o f e i t h e r a 4 - o r 5 - n e c k e d c r e a s e d M o r t o n f l a s k f i t t e d 
w i t h a M o r t o n h i g h - s p e e d s t a i n l e s s s t e e l s t i r r e r , a F r i e d r i c h c o n d e n s e r , 
a t h e r m o m e t e r w e l l , and a 4-mm b o r e T t i f l o n s t o p c o c k f i t t e d w i t h a s e p t u m . 
A n i t r o g e n s o u r c e w a s c o n n e c t e d t o t h e r e a c t i o n v e s s e l t h r o u g h a m e r c u r y 
b u b b l e r . 
The r e a c t i o n p r o c e d u r e w a s e s s e n t i a l l y t h e same i n a l l e x p e r i ­
m e n t s . The a p p a r a t u s w a s t h o r o u g h l y f l a m e - d r i e d u n d e r a f l o w o f n i t r o -
3 
g e n . Then t h e g l o v e b o x (Lab Con C o . , c a 1 2 f t v o l u m e ) w a s s e a l e d and 
3 :'\ 
f l u s h e d w i t h £ a 2 4 f t o r m o r e o f p r e p u r i f i e d n i t r o g e n u n t i l t h e o x y g e n 
c o n t e n t w a s t o o l o w t o s u s t a i n c o m b u s t i o n o f a m a t c h . A f t e r f l u s h i n g 
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T a b l e 1 . C o l u m n s U s e d i n G a s C h r o m a t o g r a p h i c A n a l y s i s * 
C o l u m n I : 6 ' — 1 / 8 " — 1 0 % C a r b o w a x 2 0 - M o n 6 0 / 8 0 C h r o m o s o r b W 
( 1 8 0 ° , 2 0 0 ° , 2 0 0 ° , 3 . 5 , FM) 
C o l u m n I I : 4 1 — 1 / 8 " — 3 . 6 % O V - 1 7 o n 1 0 0 / 1 2 0 C h r o m o s o r b W 
( 1 8 0 ° , 2 2 5 ° , 2 2 5 ° , 3 . 6 , P E ) 
C o l u m n I I I : 1 2 ' — 1 / 8 " — 1 0 % C a r b o w a x 2 0 - M o n 1 0 0 / 1 2 0 C h r o m o s o r b Q 
( 1 1 0 ° , 1 3 0 ° , 1 4 5 ° , 3 . 0 , P E ) 
C o l u m n I V : 1 2 ' — 1 / 4 " — 1 5 % C a r b o w a x 2 0 - M o n 6 0 / 8 0 D i a t o p o r t - S 
( 1 7 0 ° , 2 0 0 ° , 2 0 0 ° , 2 . 1 , FM) 
C o l u m n V : 6 T — 1 / 4 " — 1 0 % S E - 3 0 o n 6 0 / 8 0 C h r o m o s o r b G 
( 1 7 0 ° , 2 0 0 ° , 2 0 0 ° , 2 . 1 , FM) 
C o l u m n V I : 1 2 ' — 1 / 8 " — 1 5 % F F A P o n 1 0 0 / 1 2 0 C h r o m o s o r b W 
( 8 0 ° , 1 5 0 ° , 1 2 0 ° , 3 . 5 , P E ) 
C o l u m n V I I : 1 2 ' — 1 / 8 " — 1 5 % F F A P o n 1 0 0 / 1 2 0 C h r o m o s o r b W 
( 8 0 ° , 2 0 0 ° , 2 0 0 ° , 2 . 1 , FM) 
C o l u m n V I I I : 6 1 — 1 / 8 " — 1 0 % S E - 3 0 o n 8 0 / 1 0 0 V a r i p o r t 
( 1 7 5 ° , 2 5 0 ° , 2 2 0 ° , 3 . 5 , P E ) . . . . . . 
T h e s e q u e n c e o f n u m b e r s g i v e n f o r e a c h c o l u m n i s a s f o l l o w s : 
o v e n t e m p e r a t u r e , i n j e c t o r t e m p e r a t u r e , d e t e c t o r t e m p e r a t u r e , f l o w r a t e , 
a n d t h e g a s c h r o m a t o g r a p h u s e d . 
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t h e g l o v e b o x , a f l a s k c o n t a i n i n g t e t r a h y d r o f u r a n ( T H F ) a n d N a A l H ^ ( c a . 
1 g m ) w a s a t t a c h e d t o t h e c o n d e n s e r a n d t h e THF w a s d i s t i l l e d i n t o t h e 
r e a c t i o n v e s s e l . T h e c e s i u m a l l o y w a s a d d e d a n d t h e THF a n d a l k a l i 
m e t a l w e r e s t i r r e d a t r o o m t e m p e r a t u r e f o r 3 0 m i n u t e s . T h e r e a c t i o n 
m i x t u r e w a s t h e n c o o l e d t o t h e r e a c t i o n t e m p e r a t u r e * ; a n d t h e c o m p o u n d 
t o b e r e a c t e d , d i s s o l v e d i n T H F , w a s s y r i n g e d i n t o t h e f l a s k . D u r i n g 
t h e r e a c t i o n s , s a m p l e s w e r e t a k e n f o r f u r t h e r s t u d y a t v a r i o u s i n t e r v a l s 
o f t i m e . A l l r e a c t i o n s w e r e c a r r i e d o u t w i t h v i g o r o u s s t i r r i n g . T h e 
r e a c t i o n s w e r e t e r m i n a t e d e i t h e r b y f i t t i n g a 0 . 2 5 i n c h g l a s s s y p h o n 
i n t o t h e f l a s k a n d j e t t i n g t h e c o n t e n t s i n t o a f l a s k c o n t a i n i n g c r u s h e d 
d r y i c e o r b y f i t t i n g a 1 2 g a u g e c a n n u l a t h r o u g h t h e s e p t u m e q u i p p e d 
s t o p c o c k a n d s l o w l y j e t t i n g t h e c o n t e n t s i r t t o a f l a s k c o n t a i n i n g w a t e r 
o r d e u t e r i u m o x i d e . ( T h e u s e o f t h e c a n n u l a p r e v e n t s e x t r a r e d u c t i o n o f 
t h e p r o d u c t s b y e x c e s s a l k a l i m e t a l s i n c e i t s h e i g h t c a n b e a d j u s t e d t o 
p r e v e n t t h e s i p h o n i n g o f t h e l i q u i d c e s i u m a l l o y f r o m t h e b o t t o m o f t h e 
r e a c t i o n f l a s k . ) 
T h e s a m p l e s q u e n c h e d w i t h D r y I c e w e r e r e d u c e d t o d r y n e s s , d i s ­
s o l v e d i n w a t e r a n d t h e n e x t r a c t e d w i t h e t h e r a n d t h e n a c i d i f i e d w i t h 
c o n c e n t r a t e d H C 1 . T h e a c i d s w e r e i s o l a t e d b y e x t r a c t i o n w i t h e t h e r , 
d r i e d ( M g S O ^ ) a n d t h e e t h e r d i s t i l l e d o f f t h r o u g h a c o l u m n . G a s c h r o m a ­
t o g r a p h y s a m p l e s w e r e p r e p a r e d b y e s t e r i f i c a t i o n w i t h d i a z o m e t h a n e . 
C o o l i n g w a s a c h i e v e d b y u s e o f c r u s h e d D r y I c e / i s o p a n o l b a t h s 
( - 8 0 ° C ) o r b y u s e o f a s p e c i a l j a c k e t e d M o r t o n F l a s k ( s e e F i g u r e 2 ) 
t h r o u g h w h i c h c o o l e d m e t h a n o l w a s p u m p e d ( - 4 5 ° t o r o o m t e m p e r a t u r e ) 
b y a L a u d a K / 2 R t h e r m o s t a t i c a l l y e q u i p p e d c i r c u l a t i n g p u m p i n t a n d e m 




F igure 1. Jacke ted Morton F l a s k . 
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S a m p l e s q u e n c h e d w i t h H^O o r w e r e w o r k e d u p b y s a l t i n g o u t 
t h e o r g a n i c p h a s e a n d e x t r a c t i n g w i t h t h r e e p o r t i o n s o f e t h e r . T h e 
o r g a n i c e x t r a c t s w e r e c o m b i n e d , d r i e d o v e r m a g n e s i u m s u l f a t e a n d f i l ­
t e r e d . T h e f i l t r a t e w a s e i t h e r a n a l y z e d a s i s , c o n c e n t r a t e d t o a s m a l l 
v o l u m e o r c o n c e n t r a t e d t o d r y n e s s d e p e n d i n g o n t h e e x p e c t e d p r o d u c t s . 
A n a l y s i s o f c e s i u m a l l o y s b e f o r e a n d a f t e r t h e r e a c t i o n w a s c a r ­
r i e d o u t i n t h e f o l l o w i n g m a n n e r . T h e a l l o y w a s f i r s t a l l o w e d t o s e t t l e 
o u t o f t h e r e a c t i o n m i x t u r e . T h e n a s a m p l e w a s s y r i n g e d o u t o f t h e f l a s k 
a n d c e n t r i f u g e d . ( I n l o w t e m p e r a t u r e r e a c t i o n s t h e c e n t r i f u g e c u p c o n ­
t a i n e d a s l u r r y o f D r y I c e / i s o p r o p a n o l a t t h e r e a c t i o n t e m p e r a t u r e . ) A 
s a m p l e o f c l e a n a l l o y w a s t h e n s y r i n g e d o u t o f t h e a l l o y l a y e r a t t h e 
b o t t o m o f t h e c e n t r i f u g e t u b e a n d p l a c e d i n a s e p t u m a n d g r o u n d g l a s s 
s e a l e d w e i g h i n g v i a l . T h e s a m p l e w a s w e i g h e d a n d t h e n d e c o m p o s e d w i t h 
_ t - b u t a n o l a n d w a t e r . T h e s a m p l e w a s d i l u t e d t b 1 0 0 m l , a n d a l i q u o t s 
w e r e t i t r a t e d w i t h s t a n d a r d a c i d u s i n g a p l a t i n u m t i p p e d m i c r o b u r e t t o 
t h e p h e n o l p h t h a l e i n e n d - p o i n t t o d e t e r m i n e t h e c o n c e n t r a t i o n o f t h e 
h y d r o x i d e i o n . A t t h i s p o i n t , t h e w e i g h t o f t h e a l l o y a n d m m o l s o f 
b a s e c a n b e u s e d t o c a l c u l a t e t h e c o m p o s i t i o n o f C s - K a l l o y . F o r C s - K - N a 
a l l o y m o r e d a t a i s n e e d e d t o d e t e r m i n e t h e c o m p o s i t i o n . T h e r e f o r e , a d d i ­
t i o n a l a l i q u o t s w e r e t r e a t e d w i t h e x c e s s a q u e o u s s o d i u m t e t r a p h e n y l b o r o n , 
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a n d t h e p o t a s s i u m a n d c e s i u m t e t r a p h e n y l b o r o n w e r e p r e c i p i t a t e d . T h e 
r e s u l t i n g m i x t u r e w a s a l l o w e d t o s t a n d o v e r n i g h t a n d t h e n w a s c e n t r i f u g e d 
f o r o n e h o u r a t 2 0 , 0 0 0 r p m i n a m o d e l K I n t e r n a t i o n a l C e n t r i f u g e . T h e 
H . F l a s h k a a n d A . J . B a r n a r d , J r . , " A d v a n c e s i n A n a l y t i c a l C h e m ­
i s t r y a n d I n s t r u m e n t a t i o n . " V o l . 1 , I n t e r s c i e n c e , N e w Y o r k , 1 9 6 0 , p p . 
1 4 - 2 9 . 
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supernatant s o l u t i o n was decanted and saved for u s e as a wash l i q u i d . 
The w h i t e p r e c i p i t a t e was then washed i n t o a f i l t e r c r u c i b l e , vacuum 
f i l t e r e d , and washed w i t h f i v e ml of d i s t i l l e d w a t e r . The p r e c i p i t a t e 
was d r i e d a t 100°C o v e r n i g h t , c o o l e d t o a c o n s t a n t w e i g h t i n a d e s s i c a -
t o r over ca lc ium c h l o r i d e , and we ighed . The c o m p o s i t i o n of Cs-K-Na 
a l l o y can be c a l c u l a t e d by s o l v i n g t h r e e s imul taneous e q u a t i o n s f o r t h r e e 




P r e p a r a t i o n of Cesium A l l o y s 
Cesium a l l o y s were prepared i i i a g l o v e - b o x under a p r e p u r i f i e d 
n i t r o g e n atmosphere i n a 100-ml round-bottom f l a s k equipped w i t h a s e p ­
tum and a pyrex coa ted magnet ic s t i r b a r . The ces ium m e t a l , i n a 
pyrex ampoule, was me l ted and decanted i n t o the f l a s k . The potass ium and 
sodium m e t a l s were cut from pure meta l lumps w h i l e under heavy m i n e r a l 
o i l . The sodium and potass ium c u t t i n g s were washed w i t h d i e t h y l e t h e r i n 
t h e g l o v e - b o x and were then p l a c e d i n s i d e t h e f l a s k . The m e t a l s were 
h e a t e d u n t i l c o m p l e t e l y mol ten and then mixed f o r two h o u r s . The a l l o y 
was t r a n s f e r r e d v i a a canula and N 2 p r e s s u r e t o septum-equipped annea led 
pyrex v i a l s . The v i a l s were then c h i l l e d i n l i q u i d n i t r o g e n and t h e necks 
were s e a l e d us ing a g a s - o x y g e n t o r c h . The a l l o y c o m p o s i t i o n s were as 
f o l l o w s : Cs-K e u t e c t i c (50 atom % K and .50 atom % Cs, fp - 3 7 . 5 ° C ) f o r 
u s e a t room temperature , 70 atom % Cs - 3 0 atom % K f o r u s e a t -20°C 
( fp - 2 5 ° C , however as Cs i s e x t r a c t e d from t h i s a l l o y by t h e r e a c t a n t 
t h e c o m p o s i t i o n approaches t h e e u t e c t i c fp = - 3 7 . 5 ° C ) , and e u t e c t i c Cs-K-Na 
a l l o y 2 ( 4 7 . 4 atom % K, 40.8% Cs, and 1 1 . 8 % Na; fp - 7 8 ° C ) for u s e a t 
temperatures a s low as - 7 5 ° C . 
R e a c t i o n of Benzene w i t h Cs-K A l l o y a t - 2 0 ° C ; A n a l y s i s 
of Cs-K A l l o y for the R e a c t i n g A l k a l i Metal 
In experiment 1 1 - 1 2 2 * , a n a l y s i s of a sample o f t h e Cs-K a l l o y 
— - • — • 
The f i r s t number i s t h e r e s e a r c h notebook and t h e second i s t h e 
page . 
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( 0 . 2 5 4 3 g ± 0 . 0 0 0 2 g ; 2 . 2 5 3 ± 0 . 0 0 1 m m o l ) g a v e a n a l l o y c o m p o s i t i o n o f 
7 8 . 6 ± 0 . 2 a t o m % C s a n d 2 1 . 4 ± 0 . 1 a t o m % K b e f o r e t h e a d d i t i o n o f 
b e n z e n e . T h e C s - K a l l o y ( 4 0 . 7 1 m g - a t o m C s , 1 1 . 0 5 m g - a t o m K ) i n a b l u e 
THF ( 2 5 0 m l ) s o l u t i o n w a s c o o l e d t o - 2 4 ° C . A t t h i s t e m p e r a t u r e 1 . 2 9 8 3 g 
( 1 6 . 6 2 m m o l ) o f b e n z e n e i n 5 . 0 m l o f T H F w a s s y r i n g e d i n t o t h e f l a s k . 
T h e r e w a s i m m e d i a t e f o r m a t i o n o f t h e c e s i u m b e n z e n i d e b l a c k p r e c i p i t a t e ; 
a f t e r 7 7 m i n u t e s t h e f l a s k c o l o r w a s b r i g h t g r e e n ( y e l l o w d i c e s i u m 
1 , l ' - d i h y d r o b i p h e n y l i d e p r e c i p i t a t e i n a b l u e s o l u t i o n o f d i s s o l v e d 
c e s i u m ) . A f t e r 1 2 2 m i n u t e s o f r e a c t i o n t i m e , a t - 1 7 ° C , a s e c o n d C s - K 
a l l o y s a m p l e ( 0 . 5 0 0 0 ± 0 . 0 0 0 2 g ; 5 . 3 1 0 ± 0 . 0 0 1 m m o l ) w a s a n a l y z e d a n d 
f o u n d t o h a v e a c o m p o s i t i o n : 5 8 . 5 ± 0 . 2 a t o m % C s a n d 4 1 . 5 ± 0 . 2 a t o m 
% K. A t 1 3 7 m i n u t e s o f r e a c t i o n t i m e , t h e f l a s k ' s c o n t e n t s w e r e s i p h o n e d 
i n t o 5 0 m l o f i c e w a t e r ( n o c a f e w a s t a k e n t o e x c l u d e j e t t i n g C s - K i n t o 
t h e w a t e r ) . A f t e r s t a n d a r d w o r k - u p a n d g c a n a l y s i s o n a F F A P c o l u m n 
( V I , 9 0 ° C ) , * t h e f o l l o w i n g m o n o m e r i c p r o d u c t s ( m m o l y i e l d , m o l e % y i e l d 
b a s e d o n b e n z e n e a s l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : 
c y c l o h e x e n e ( 2 . 9 3 m m o l , 1 7 . 6 m o l e %, 3 . 6 m i n . ) , 1 , 4 - d i h y d r o b e n z e n e ( 1 . 9 3 
m m o l , 1 1 . 6 m o l e %, 5 . 6 m i n . ) , a n d b e n z e n e ( 5 . 2 4 m m o l , 3 1 . 5 m o l e %, 6 . 4 
m i n . ) . O n t h e s a m e b a s i s , a n a l y s i s f o r d i m e r i c p r o d u c t s b y t e m p e r a t u r e 
p r o g r a m m i n g a C a r b o w a x 2 0 - M c o l u m n ( I V , 8 0 ° f o r s i x m i n . t h e n t e m p e r a t u r e 
p r o g r a m m e d a t 6 0 ° / m i n . t o 1 2 0 ° C ) g a v e t h e f o l l o w i n g p r o d u c t : 1 , 1 ' , 4 , 4 ' -
t e t r a h y d r o b i p h e n y l ( 1 . 1 4 m m o l , 1 3 . 7 m o l e % y i e l d b a s e d o n b e n z e n e , 1 8 . 9 
m i n . ) . T h e r e a c t i o n m i x t u r e w a s r e d u c e d o n t h e r o t a r y e v a p o r a t o r t o a 
C o l u m n n u m b e r , o v e n t e m p e r a t u r e ( c o m p l e t e i d e n t i f i c a t i o n o f 
c o l u m n s i s i n T a b l e 1 ) . 
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b r o w n o i l ( 0 . 5 8 5 7 g ) a n d v a c u u m d i s t i l l e d i n a H i c k m a n s t i l l ( 6 0 - 8 0 ° C 
a t 0 . 4 mm o f H g ) . T h e w e i g h t o f 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 9 2 % p u r e 
b y g c ) c o l l e c t e d w a s 0 . 1 8 3 0 g w h i c h a g r e e s c l o s e l y w i t h 0 . 1 8 0 6 g c a l c u ­
l a t e d f r o m t h e g c d a t a . 5 7 A f t e r t h i s d i s t i l l a t i o n 0 . 1 9 8 7 g ( 1 5 . 3 w t . % 
b a s e d o n b e n z e n e ) o f n o n v o l a t i l e r e s i d u e w a s r e c o v e r e d . 
I n e x p e r i m e n t , I I I - 1 4 5 , a n a l y s i s o f a s a m p l e o f p r e m a d e C s - K 
a l l o y ( 0 . 3 5 6 8 ± 0 . 0 0 0 2 g ; 3 . 2 7 1 ± 0 . 0 0 1 m m o l ) g a v e a n a l l o y c o m p o s i t i o n 
o f 7 4 . 6 ± 0 . 1 a t o m % C s a n d 2 5 . 4 ± 0 . 1 a t o m % K b e f o r e t h e a d d i t i o n o f 
b e n z e n e . T h e C s - K a l l o y ( 6 0 . 0 9 m g - a t o m C s , 2 0 . 4 5 m g - a t o m K ) i n t h e b l u e 
THF ( 2 5 0 m l ) s o l u t i o n w a s c o o l e d t o - 1 8 ° C . A t t h i s t e m p e r a t u r e 3 . 0 9 4 9 g 
( 3 9 . 6 2 m m o l ) o f b e n z e n e w a s s y r i n g e d i n t o t h e f l a s k . T h e f l a s k c o l o r 
d a r k e n e d i m m e d i a t e l y t o a b l a c k a n d t h e n t o a d a r k g r e e n . A f t e r t w o 
h o u r s a t - 1 8 ° C , t h e f l a s k w a s a b r i g h t : g r e e n c o l o r . A f t e r f o u r h o u r s o f 
r e a c t i o n , a s e c o n d a l l o y s a m p l e ( 0 . 4 5 6 0 ± 0 . 0 0 0 2 g , 5 . 0 5 4 ± 0 . 0 0 1 m m o l ) 
w a s r e m o v e d a n d t h e f i n a l a l l o y c o m p o s i t i o n w a s f o u n d t o b e 5 4 . 5 ± 0 . 1 
a t o m % C s a n d 4 5 . 5 ± 0 . 1 a t o m % K . T h e n t h e r e a c t i o n m i x t u r e w a s c a r e ­
f u l l y j e t t e d i n t o 5 0 0 m l o f i c e w a t e r . C a r e w a s t a k e n t o e x c l u d e a l l o y 
f r o m t h i s q u e n c h , w h i c h w a s c o m p l e t e d i n t h i r t y m i n u t e s . A f t e r s t a n d a r d 
w o r k - u p a n d g c a n a l y s i s o n a F F A P c o l u m n ( V I , 9 0 ° C ) , t h e f o l l o w i n g m o n o ­
m e r i c p r o d u c t s ( m m o l y i e l d ; m o l e % y i e l d b a s e d o n b e n z e n e a s l i m i t i n g 
r e a g e n t ; g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : c y c l o h e x e n e ( 1 . 0 2 m m o l ; 2 . 6 
m o l e %; 4 . 1 m i n . ) , 1 , 4 - d i h y d r o b e n z e n e ( 4 . 6 0 m m o l ; 1 1 . 6 m o l e %; 6 . 8 m i n . ) , 
a n d b e n z e n e ( 7 . 5 9 m m o l ; 1 9 . 2 m o l e %; 7 . 8 m i n . ) . On t h e s a m e b a s i s , g c 
R e f e r e n c e 4 , p . 2 2 9 . T h e I R s p e c t r u m o f t h i s i s o l a t e d s a m p l e 
o f 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l i s r e p o r t e d . 
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analys i s for the benzene dimer on a Carbowax 20-M column ( I I I , 110°C) 
indicated a high y i e l d of 1 ,1 ' ,4 ,4 ' - t t i trahydrob ipheny 1 (11.57 mmol; 58.4 
mole %; 11.3 min . ) . 
Reaction of Benzene with Cs-K-Na Alloy at -50°C; 
Analysis of Cs-K-Na Alloy for the Reacting Alkal i Metal 
In experiment 111-45, analys i s of a sample of Cs-K-Na a l l o y 
(0.2811 ± 0.0002 g Cs-K-Na; 3.434 ± 0.001 mmols MOH; 1.2350 ± 0.0020 g 
of Cs-KTPB) gave an a l l o y composition of 47.6 ± 0.4 atom % Cs, 
2 0 4 0 6 0 8 0 
Mole p e r c e n t a g e potassium 
Figure 2. The Sodium-Potassium-Cesium System (molar b a s i s ) . 
40.3 ± 0.3 atom % K, and 12.1 ± 0.2 atom % Na. (Note Figure 2, the above 
composition's freezing point i s -73°C.) The Cs-K-Na a l l o y (39.84 mg-
atom Cs; 33.66 mg-atom K; 10.13 mg-atom Na) in a blue THF (350 ml) 
so lut ion was c o o l e d to -75°C with vigorous s t i r r i n g . At t h i s 
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t e m p e r a t u r e , 1 . 2 3 3 0 g ( 1 5 . 7 9 m m o l ) o f b e n z e n e i n 5 . 0 m l o f THF w a s 
s y r i n g e d i n t o t h e d e e p b l u e THF s o l u t i o n . T h e c o l o r c h a n g e d i n s t a n t l y 
u p o n a d d i t i o n f r o m b l u e t o b l a c k . T h e f l a s k w a s m a i n t a i n e d f o r t w o h o u r s 
a t - 7 5 ° C ( a t t e m p t s t o s a m p l e t h e a l l o y f a i l e d a t t h i s t i m e d u e t o s o l i d i ­
f i c a t i o n . A f t e r t h e f l a s k w a s a l l o w e d t o w a r m a t - 5 0 ° C f o r o n e h o u r 
( t h r e e h o u r s t o t a l r e a c t i o n t i m e ) , a s e c o n d C s - K - N a a l l o y s a m p l e w a s 
a n a l y z e d ( 0 . 6 5 1 4 ± 0 . 0 0 0 2 g C s - K - N a ; 8 . 8 2 1 ± 0 . 0 0 1 m m o l s MOH; 3 . 1 3 0 0 ± 
. 0 0 2 0 g o f C s - K T P B ) a n d f o u n d t o h a v e a c o m p o s i t i o n : 3 8 . 9 ± 0 . 3 a t o m % 
C s , 4 9 . 9 ± 0 . 4 a t o m % K , a n d 1 1 . 2 ± 0 . 2 a t o m % N a . D u r i n g t h e s a m p l i n g , 
t h e r e a c t i o n m i x t u r e s t o o d f o r 4 5 m i n u t e s w i t h n o s t i r r i n g . T h e f l a s k ' s 
b l a c k c o l o r e d c o n t e n t s w e r e t h e n s i p h o n e d i n t o 5 0 0 m l o f i c e w a t e r . T h i s 
r e s u l t e d i n a v i o l e n t e x p l o s i o n a s a l l o f t h e r e m a i n i n g C s - K - N a l i q u i d 
a l l o y j e t t e d i n t o t h e i c e w a t e r a t o n e t i m e . O n l y a b o u t 1 . 0 % o f t h e 
o r g a n i c p r o d u c t s w e r e r e c o v e r e d . A f t e r s t a n d a r d w o r k - u p a n d g c a n a l y s i s 
o n a F F A P c o l u m n ( V I , 7 0 ° C ) t h e f o l l o w i n g m o n o m e r i c p r o d u c t s ( m m o l ; r e l a ­
t i v e m o l e % y i e l d s b a s e d o n t h e t o t a l m m o l e q u i v a l e n t s o f b e n z e n e i n t h e 
r e c o v e r e d p r o d u c t s ; r e t e n t i o n t i m e ) w e r e o b s e r v e d : c y c l o h e x e n e ( 0 . 1 1 4 
m m o l ; 5 9 . 4 r e l . m o l e %; 3 . 8 m i n . ) , 1 , 4 - d i h y d r o b e n z e n e ( 0 . 0 2 1 m m o l ; 1 0 . 9 
r e l . m o l e %; 6 . 6 m i n . ) , a n d b e n z e n e 0 . 0 4 9 m m o l ; 2 5 . 5 r e l . m o l e %; 7 . 6 
m i n . ) . O n t h e s a m e b a s i s , a n a l y s i s b y g c o n a C a r b o w a x 2 0 - M c o l u m n ( I V , 
1 1 5 ° C ) g a v e t h e d i m e r i z a t i o n p r o d u c t : 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 0 . 0 0 4 
m m o l ; 4 . 2 r e l . m o l e %; 1 1 . 3 m i n . ) . 
I n r e a c t i o n I I I - 1 5 3 , a n a l y s i s o f a s a m p l e o f p r e m a d e C s - K - N a 
a l l o y ( 0 . 4 1 5 3 ± 0 . 0 0 0 2 g ; 5 . 3 8 4 ± 0 . 0 1 m m o l s MOH; 1 . 9 6 9 ± 0 . 0 0 2 g o f 
C s - K T P B ) g a v e t h e c o m p o s i t i o n : 4 2 . 1 ± 0 . 3 a t o m % C s , 4 9 . 0 ± 0 . 3 a t o m % K, 
a n d 8 . 9 ± 0 . 1 a t o m % N a . ( N o t e F i g u r e 2 ; t h i s a l l o y ' s f r e e z i n g p o i n t i s 
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a b o u t - 7 8 ° C ) . T h e C s - K - N a a l l o y ( 4 0 . 1 4 m g - a t o m C s , 4 6 . 6 9 m g - a t o m K , 
8 . 5 5 m g - a t o m N a ) w a s v i g o r o u s l y s t i r r e d i n 2 5 0 m l o f T H F , a n d t h i s m i x ­
t u r e w a s c o o l e d t o - 4 5 ° C . A t t h i s p o i n t , 1 . 0 4 7 3 g ( 1 3 . 4 0 8 m m o l ) o f b e n ­
z e n e i n 5 . 0 m l o f THF w a s s y r i n g e d i n t o t h e f l a s k . T h e b l u e T H F s o l u t i o n 
c o l o r i n s t a n t l y c h a n g e d t o b l a c k u p o n t h e a d d i t i o n . A f t e r t w o m i n u t e s 
t h e f l a s k c o l o r b e g a n t o t u r n g r e e n a n d c o n t i n u e d t o i n t e n s i f y u n t i l 
a f t e r o n e h o u r t h e f l a s k c o l o r w a s b r i g h t g r e e n . A t t w o h o u r s i n t o t h e 
r e a c t i o n , t h e s t i r r e r w a s s t o p p e d t o a l l o w t h e a l l o y t o s e t t l e o u t . 
T h i r t y m i n u t e s l a t e r , a s e c o n d a l l o y s a m p l e w a s a n a l y z e d ( 0 . 2 4 6 2 ± 0 . 0 0 0 2 
g ; 3 . 5 7 3 ± 0 . 0 1 m m o l o f MOH; 1 . 2 6 1 ± 0 . 0 0 2 g o f C s - K T P B ) a n d f o u n d t o 
h a v e a c o m p o s i t i o n : 3 3 . 9 ± 0 . 3 a t o m % C s , 5 5 . 7 ± 0 . 4 a t o m % K , a n d 
1 0 . 4 ± 0 . 2 a t o m % N a . A f t e r t h e a l l o y s a m p l i n g , t h r e e h o u r s o f t o t a l 
r e a c t i o n t i m e , t h e f l a s k ' s c o n t e n t s w e r e s l o w l y j e t t e d i n t o 5 0 0 m l o f i c e 
w a t e r . D u r i n g t h i s q u e n c h o f t h e o r g a n o m e t a l l i c p r o d u c t s c a r e w a s t a k e n 
t o a v o i d j e t t i n g a n y a l l o y i n t o t h e i c e w a t e r t o a v o i d o v e r r e d u c t i o n o f 
t h e p r o d u c t s . A f t e r s t a n d a r d w o r k - u p a n d g c a n a l y s i s o n a F F A P c o l u m n 
( V I , 7 5 ° C ) , t h e f o l l o w i n g m o n o m e r i c p r o d u c t s ( m m o l , m o l e % y i e l d b a s e d 
o n b e n z e n e a s l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : c y c l o ­
h e x e n e ( 0 . 0 0 m m o l ; 0 . 0 m o l e %; 4 . 0 m i n . ) , 1 , 4 - d i h y d r o b e n z e n e ( 1 . 1 9 5 m m o l ; 
8 . 9 2 m o l e %; 7 . 3 m i n . ) , a n d b e n z e n e ( 1 . 9 5 5 m m o l ; 1 4 . 5 8 m o l e %; 8 . 3 m i n . ) . 
O n t h e s a m e b a s i s , t h e g c a n a l y s i s f o r t h e b e n z e n e d i m e r o n a C a r b o w a x 
2 0 - M c o l u m n ( I V , 1 2 0 ° ) s h o w e d a h i g h y i e l d o f 1 , 1 * , 4 , 4 ' - t e t r a h y d r o b i p h e n y l 
( 5 . 0 7 5 m m o l ; 7 5 . 7 m o l e %; 1 4 . 8 m i n . ) . 
I n r e a c t i o n I V - 1 4 1 , C s - K - N a a l l o y w a s r e a c t e d w i t h b e n z e n e u n d e r 
t h e s a m e c o n d i t i o n s a n d r e a c t i o n s c a l e a s r e a c t i o n I I I - 1 5 3 . A f t e r t h e 
u s u a l w o r k - u p , 8 0 mg o f p u r e l , l ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l w a s i s o l a t e d b y 
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r e d u c i n g t h e r e a c t i o n m i x t u r e u n d e r v a c u u m t o a b r o w n o i l w h i c h w a s t h e n 
v a c u u m d i s t i l l e d i n a H i c k m a n s t i l l ( 6 0 - 7 0 ° C , 0 . 2 mm H g ) . T h e "^H NMR 
s p e c t r u m ( C D C l ^ ) h a d a b s o r p t i o n a t 6 2 . 6 7 ( 6 . 0 H , c o m p l e x m , a l l y l i e ) 
a n d 5 . 7 0 ( 8 . 0 H , c o m p l e x m , v i n y l i c ) . T h i s i s i n g o o d a g r e e m e n t w i t h 
5 8 1 
t h e s p e c t r u m r e p o r t e d b y T o m L o n g f i e l d a n d t h e H NMR s p e c t r u m ( C D C l ^ ) 
o f 1 , 4 - d i h y d r o b e n z e n e w h i c h h a s a b s o r p t i o n a t 6 2 . 6 7 ( 4 . 0 H , s , a l l y l i c ) 
a n d 5 . 7 2 ( 4 . 0 H , s , v i n y l i c ) . * T h e 1 3 C NMR s p e c t r a ( C D C 1 3 ) o f l , l f , 4 , 4 f -
t e t r a h y d r o b i p h e n y l a r i d 1 , 4 - d i h y d r o b e n z e n e a r e s h o w n i n F i g u r e 3 . 
R e a c t i o n o f C s S a n d w i t h B e n z e n e i n t h e P r e s e n c e o f 1 8 - C r o w n - 6 
I n e x p e r i m e n t 1 1 - 5 3 , 5 . 7 5 0 5 g ( 4 3 . 2 7 m o l ) o f C s s a n d w a s p r e p a r e d 
b y v i g o r o u s l y s t i r r i n g t h e m o l t e n m e t a l i n 2 5 0 m l o f r e f l u x i n g THF f o r 
7 5 m i n u t e s . T h e s t i r r e r w a s s t o p p e d a n d t h e f l a s k w a s c h i l l e d w i t h a 
d r y i c e / a c e t o n e b a t h u n t i l t h e f l a s k t h e r m o m e t e r r e a d - 5 0 ° C ( t h e t h e r ­
m o m e t e r w e l l w a s n o t i n c o n t a c t w i t h t h e l i q u i d ) . T h e n 2 1 . 4 4 2 0 g ( 2 7 4 . 5 
m m o l ) o f b e n z e n e w a s s y r i n g e d i n t o t h e f l a s k a n d t h e s t i r r e r w a s 
r e s t a r t e d . T h e r e w a s a n i m m e d i a t e f o r m a t i o n o f a b l a c k p r e c i p i t a t e ( t h i s 
w a s c o n f i r m e d b y c e n t r i f u g a t i o n ) . A f t e r 2 . 2 5 h o u r s o f r e a c t i o n t i m e a t 
- 7 5 ° C , 1 0 . 3 2 3 8 g ( 3 9 . 0 6 m m o l ) o f 1 8 - c r o w n - 6 d i s s o l v e d i n THF w a s s y r i n g e d 
i 
i n t o t h e f l a s k . U p o n a d d i t i o n t h e c o l o r c h a n g e d f r o m b l a c k t o r e d - b r o w n . 
(A c e n t r i f u g e d s a m p l e s h o w e d t h e s o l u t i o n c o l o r t o b e b l a c k a n d t h e p r e ­
c i p i t a t e w a s r e d - b r o w n ) . T h e r e a c t i o n w a s m a i n t a i n e d a t - 7 5 ° G f o r t w o 
h o u r s t o - 5 ° C . A t t h e h i g h e r t e m p e r a t u r e ( - 1 0 ° C ) , t h e f l a s k c o l o r w a s 
5 8 
R e f e r e n c e d , p . 6 4 . 
T h e s e s i n g l e t p e a k s h a d a b o u t t w i c e t h e b a s e w i d t h a s t h e TMS 
p e a k . 
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F i g u r e 3 . C NMR Spectra (CDC1.J of 1 ,4 -Dihydrobenzene 
and 1 , 1 ' , 4 , 4 ' - T e t r a h y d r o b i p h e n y l w i t h Sugges ted 
Ass ignments f o r t h e Absorpt ion P e a k s . 
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b r i g h t r e d ( d e e p r e d p r e c i p i t a t e i n a b r i g h t r e d s o l u t i o n ) . T h e r e a c ­
t i o n m i x t u r e w a s t h e n s i p h o n e d i n t o 5 0 0 m l o f i c e w a t e r . B o t h t h e q u e n c h 
p r o d u c t s a n d 5 . 0 m l s a m p l e s w h i c h w e r e p r o t o n a t e d d u r i n g t h e c o u r s e o f 
t h e r e a c t i o n w e r e s u b j e c t e d t o g c a n a l y s i s f o r m o n o m e r s o n a F F A P c o l u m n 
( V I , 9 5 ° C ) a n d d i m e r On a C a r b o w a x 2 0 - M c o l u m n ( I V , 1 3 5 ° C ) i s s u m m a r i z e d 
i n T a b l e 2 . 
I n e x p e r i m e n t 1 1 - 1 5 7 , 5 . 4 6 8 6 g o f ( 4 1 . 1 5 m g - a t o m ) o f c e s i u m s a n d 
w a s p r e p a r e d b y v i g o r o u s l y s t i r r i n g t h e m o l t e n m e t a l i n 3 5 0 m l o f r e f l u x -
i n g THF f o r 2 5 m i n u t e s . T h e f l a s k w a s t h e n c h i l l e d w i t h o u t s t i r r i n g t o 
- 7 0 ° C a n d 1 0 . 8 7 7 7 g ( 4 2 . 0 8 m m o l ) o f 1 8 - c r o w n - 6 d i s s o l v e d i n THF w a s 
s y r i n g e d i n t o t h e f l a s k . U p o n a d d i t i o n a n d m i x i n g t h e f l a s k c h a n g e d 
i m m e d i a t e l y t o a d e e p b l u e c o l o r . A f t e r 2 2 m i n u t e s o f s t i r r i n g , 3 . 2 1 4 0 g 
( 4 1 . 8 5 m m o l ) o f b e n z e n e i n 5 . 0 m l o f THF w a s s y r i n g e d i n t o t h e f l a s k . 
T h e c o l o r d a r k e n e d i n s t a n t l y t o b l a c k . T h e r e a c t i o n w a s h e l d a t - 7 5 ° C 
f o r 3 . 5 h o u r s w i t h n o c o l o r c h a n g e . T h e r e a c t i o n t e m p e r a t u r e w a s t h e n 
r a i s e d t o - 3 0 ° C ; a f t e r s e v e n a n d a h a l f h o u r s t o t a l r e a c t i o n t i m e t h e 
f l a s k c o l o r b e g a n t o c h a n g e f r o m b l a c k t o b r o w n . A g a i n t h e r e a c t i o n 
t e m p e r a t u r e w a s r a i s e d t o - 2 5 ° C ; a f t e r n i n e a n d o n e h a l f h o u r s t o t a l 
r e a c t i o n t i m e t h e f l a s k c o l o r c h a n g e d f r o m b r o w n t o b r i g h t r e d . A t t e n 
a n d a h a l f h o u r s r e a c t i o n t i m e , 3 2 5 m l o f t h e f l a s k ' s c o n t e n t s w e r e 
s i p h o n e d i n t o 5 0 0 m l o f i c e w a t e r a n d t h e o t h e r 2 5 m l w a s s i p h o n e d i n t o 
p a r t i a l l y f r o z e n d e u t e r i u m o x i d e . A f t e r s t a n d a r d w o r k - u p a n d g c a n a l y s i s 
o n a F F A P c o l u m n ( V I , 9 0 ° C ) , t h e f o l l o w i n g m o n o m e r i c p r o d u c t s ( m m o l y i e l d , 
m o l e % y i e l d b a s e d o n b e n z e n e a s l i m i t i n g r e a g e n t , a b s o l u t e % y i e l d b a s e d 
o n c e s i u m a s l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : 
Table 2 . Gc A n a l y s i s o f t h e Products of t h e Reac t ion of Benzene w i t h Cs Sand i n t h e 
Presence of 18-Crown-6. (monomers column VI, 95°C; dimer column IV, 135°C) 
Temperature/Time Cyclohexene 1 ,4 -d ihydrobenzene 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l 
- 7 5 ° / 5 0 min. 
- 7 5 V 1 3 5 m i n . : 
added 18-crown-6 
- 7 5 ° / 1 7 0 min. 
- 5 0 ° / 3 0 0 min. 
- 5 ° / 3 6 5 m i n . : 
main quench 
gc R e t e n t i o n Time 
25.3%*(2.74 mmol**) 
46.2% ( 5 . 0 0 mmol) 
39.2% ( 4 . 2 4 mmol) 
60.7% (6 .57 mmol) 
4 . 0 min. 
41.0% ( 8 . 8 7 mmol) 
14.8% ( 6 . 3 8 mmol) 
33.0% ( 7 . 1 4 mmol) 
32.9% ( 7 . 1 1 mmol) 
6 . 0 min. 
1.0% ( 0 . 2 2 mmol) 
1.3% ( 0 . 2 8 mmol) 
0.7% ( 0 . 1 7 mmol) 
2.6% ( 0 . 5 6 mmol) 
1 8 . 6 min . 
The a b s o l u t e y i e l d s , based on Cs as l i m i t i n g r e a g e n t , were determined by m u l t i p l y i n g t h e 
mmol of product s t imes 100% and t h e n t h e number of Cs needed t o a c h i e v e t h e s t a t e of r e d u c t i o n and 
t h e n d i v i d i n g by 43 .27 mg-atoms Cs. 
Mmol y i e l d s of the 5 ml gc samples were m u l t i p l i e d by 50 t o a l l o w d i r e c t comparison w i t h t h e 
main quench. 
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c y c l o h e x e n e ( 1 . 3 5 mmol, 3 . 2 mole %, 1 3 . 2 a b s o l u t e %, 2 .7 m i n . ) , 
1 , 4 - d i h y d r o b e n z e n e ( 1 1 . 0 8 mmol, 2 6 . 3 mole %, 5 3 . 9 a b s o l u t e %, 4 . 1 m i n . ) , 
and benzene ( 2 6 . 1 4 mmol, 6 2 . 0 mole %, 0 . 0 a b s o l u t e %, 4 . 7 m i n . ) . On 
t h e same b a s i s , gc a n a l y s i s for t h e d i m e r i c produc t s on a Carbowax 20-M 
column (IV, 120°) gave t h e f o l l o w i n g p r o d u c t s : p h e n y l c y c l o h e x a n e 
( 0 . 0 5 mmol, 0 . 2 mole %, 0 . 5 a b s o l u t e %, 1 4 . 8 m i n . ) and 1 , 1 ' , 4 , 4 ' - t e t r a -
hydrobiphenyl ( 1 . 7 4 mmol, 8 . 3 mole %, 8 . 5 a b s o l u t e %, 1 6 . 8 m i n . ) . 
Mass s p e c t r a l a n a l y s i s of t h e d e u t e r a t e d 1 , 4 - d i h y d r o b e n z e n e ( c o n ­
taminated w i t h THF), i s o l a t e d by p r e p a r a t i v e gc had t h e f o l l o w i n g peaks 
i n the M + i o n r e g i o n , m/e ( r e l a t i v e %): 7 7 ( 1 4 ) , 7 8 ( 4 1 ) , 7 9 ( 2 7 ) , 8 0 ( 3 6 ) , 
8 1 ( 9 0 ) , 8 2 ( 8 5 ) , 8 3 ( 1 0 ) , and 8 4 ( 1 . 8 ) . The d e u t e r a t e d product appears t o 
be p r i m a r i l y t h e d i d e u t e r a t e d product M+ a t 82 m/e (C^H-D-), from ces ium 
o o A 
b e n z e n i d e r a d i c a l a n i o n . A n a l y s i s of a pure sample of 1 , 4 - d i h y d r o b e n z e n e 
had the f o l l o w i n g mass spectrum: 37 ( 3 . 5 ) , 38 ( 5 . 5 ) , 39 ( 2 2 ) , 40 ( 4 ) , 
41 ( 5 ) , 49 ( 2 ) , 50 ( 1 8 ) , 51 ( 1 9 ) , 52 ( 1 4 ) , 53 ( 7 ) , 54 ( 3 . 7 ) , 62 ( 1 . 1 ) , 
63 ( 2 . 5 ) , 65 ( 8 ) , 73 ( 1 ) , 74 ( 4 ) , 75 ( 2 ) , 76 ( 1 ) , 77 ( 5 6 ) , 78 ( 1 5 ) , 79 
( 1 0 0 ) , 80 (85) M+, 81 ( 5 . 5 ) , and 82 ( 0 . 2 ) . The l o s s o f one of t h e four 
e q u i v a l e n t a l l y l i c hydrogens of C^H 0 + g i v e s r i s e t o an ( M - l ) + i o n of 100% 
D o 
r e l a t i v e %. S i n c e i n C.,H,D_ + t h e r e a r e h a l f as many a l l y l i c hydrogens 
6 6 A + + • + as i n C,H_ , t h e i n t e n s i t y of t h e (M-l ) i o n formed from C-H,D. should 
o o o o Z 
be 50 r e l a t i v e %. The observed v a l u e f o r t h i s i on i s 90 r e l a t i v e %, which 
may i n d i c a t e t h a t t h e r e i s 40 r e l a t i v e % of t h e C^H^D+ m o l e c u l a r i o n a t 
m/e 81 i n t h e d e u t e r a t e d p r o d u c t s . Hence t h e r a t i o of C 0 H 7 D t o C^(P i n 
t h i s sample may be 40: 8 5 . (On t h i s b a s i s , t h e c D H g + m o l e c u l a r i o n i s 
p r e s e n t i n a n e g l i g i b l e amount. ) 
4 8 
R e a c t i o n o f C s - K - N a A l l o y w i t h B e n z e n e i n t h e P r e s e n c e o f 1 8 - C r o w n - 6 
I n r e a c t i o n I V - 1 6 1 , C s - K - N a a l l o y ( 8 2 . 9 m g - a t o m s C s , 8 0 . 8 m g 
a t o m s K , 8 . 6 m g - a t o m s N a ) w a s v i g o r o u s l y s t i r r e d w i t h 3 5 0 m l o f THF a t 
- 4 3 ° C . T o t h i s d e e p b l u e THF s o l u t i o n , 7 . 4 4 8 0 g ( 2 8 . 1 8 m m o l ) o f 1 8 -
c r o w n - 6 w a s a d d e d . U p o n a d d i t i o n o f t h e 1 8 - c r o w n - 6 , t h e s o l u t i o n 
v i s c o s i t y i n c r e a s e d a n d t h e b l u e s o l u t i o n c o l o r i n t e n s i f i e d . A f t e r 3 0 
m i n u t e s o f s t i r r i n g , 1 . 0 6 2 5 g ( 1 3 . 6 0 m m o l ) o f b e n z e n e i n 5 . 0 m l o f THF 
w a s s y r i n g e d i n t o t h e f l a s k . T h e r e w a s n o c o l o r c h a n g e o r p r e c i p i t a t e 
f o r m a t i o n ; t h e r e a c t i o n m i x t u r e w a s s t i r r e d f o r f i v e h o u r s a t - 4 3 ° C a n d 
t h e n s i p h o n e d o n t o c r u s h e d d r y i c e . A f t e r s t a n d a r d ' w o r k - u p , 1 . 2 0 5 3 g 
o f c r u d e a c i d w a s i s o l a t e d . 
"̂ H NMR (C^TK) a n a l y s i s Of t h e c r u d e a c i d g a v e t h e f o l l o w i n g 
s p e c t r a : 6 3 . 1 ( 2 . 7 H , c o m p l e x m , a l l y l i c ) , 5 . 7 ( 4 . 0 H , c o m p l e x . m , 
v i n y l i c ) , 7 . 2 ( 1 . 8 H , s , a r o m a t i c ) , a n d 1 1 . 0 ( 1 . 3 H , s , a c i d i c ) . T h i s 
d a t a i s c o n s i s t e n t w i t h a r a t i o o f 1 , 4 - d i h y d r o b e n z o i c a c i d t o b e n z o i c 
a c i d t o t e t r a h y d r o b i p h e n y l d i c a r b o x y l i c a c i d o f 1 . 4 : 0 . 6 : 1 . 0 . 
F o r g c a n a l y s i s , t h e c r u d e a c i d s w e r e c o n v e r t e d t o t h e m e t h y l 
e s t e r s b y d i a z o m e t h a n e . S i n c e g c s e p a r a t i o n o f b e n z o i c a c i d f r o m 
1 , 4 - d i h y d r o b e n z o i c a c i d c o u l d n o t b e a c c o m p l i s h e d o n a v a i l a b l e c o l u m n s , 
t h e e s t e r s w e r e a r o m a t i z e d w i t h DDQ ( t w o f o l d e x c e s s DDQ, r e f l u x e d i n 
t o l u e n e o v e r n i g h t ) . G c a n a l y s i s o n a S E - 3 0 c o l u m n ( V , 2 2 0 ° C ) a n d o n a n 
O V - 1 7 c o l u m n ( I I , 1 5 0 ° C ) g a v e t h e f o l l o w i n g a r o m a t i z e d p r o d u c t s ( m m o l , 
m o l e % y i e l d b a s e d o n b e n z e n e a s l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e o n 
c o l u m n V , g c r e t e n t i o n t i m e o n c o l u m n I I ) w e t e o b s e r v e d : b e n z o i c a c i d 
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( 2 . 2 9 ) mmol, 1 6 . 8 %, N. A . , 2 . 0 m i n . ) , unknown ( 0 . 1 8 mmol, 1 .3 mole %, 
0 . 9 m i n . , 8 . 5 m i n . ) , p h t h a l i c a c i d ( 0 . 2 5 mmol, 1 . 8 mole %, 1 . 1 m i n . , 
1 5 . 2 m i n . ) , t e r e p h t h a l i c a c i d ( 0 . 2 5 mmol, 1 . 8 mole %, 1 .2 m i n . , 1 7 . 5 m i n . ) , 
unknown ( 0 . 4 4 mmol, 615 mole %, 1 .4 m i n . , 2 2 . 5 m i n . ) , 2 - b i p h e n y l c a r b o x y l i c 
a c i d ( 0 . 0 2 mmol, 0 . 3 mole %, 1 .8 m i n . ) , 4 - b i p h e n y l c a r b o x y l i c a c i d ( 0 . 0 2 
mmol, 0 . 3 mole %, 3 . 0 m i n . ) , o _ , ^ ' - b i p h e n y l d i c a r b o x y l i c a c i d ( 0 . 2 1 mmol, 
3 . 1 mole %, 3 . 2 m i n . ) , j O , £ ' - b i p h e n y l d i c a r b o x y l i c a c i d ( 0 . 5 4 mmol, 7 .9 mole 
%, 5 . 7 m i n . ) , and £ , £ f - b i p h e n y l d i c a r b o x y l i c a c i d ( 0 . 4 1 mmol, 6 . 0 mole %, 
1 0 . 8 m i n . ) . Although an a u t h e n t i c gc sample of £ , £ ' - b i p h e n y l d i c a r b o x y l i c 
a c i d was u n a v a i l a b l e t h e s t r u c t u r e was a s s i g n e d on the b a s i s of t h e com­
pound's methyl e s t e r which was i s o l a t e d by p r e p a r a t i v e g c . The s p e c t r a l 
data i s as f o l l o w s , m/e ( r e l a t i v e abundance): 39 ( 1 5 ) , 40 ( 2 2 ) , 41 ( 2 8 ) , 
42 ( 8 ) , 43 ( 1 8 ) , 44 ( 4 9 ) , 50 ( 6 ) , 51 ( 7 ) , 55 ( 1 5 ) , 56 ( 9 ) , 57 ( 1 4 ) , 
59 ( 3 1 ) , 63 ( 1 7 ) , 6 9 . ( 8 ) , 71 ( 7 ) , 75 ( 1 1 ) , 76 ( 5 6 ) , 77 ( 9 ) , 90 ( 2 2 ) , 
91 ( 7 ) , 104 ( 3 2 ) , 117 ( 6 ) , 119 ( 7 ) , 139 ( 9 ) , 140 ( 6 ) , 149 ( 6 ) , 150 ( 1 0 ) , 
151 ( 2 5 ) , 152 ( 3 7 ) , 153 ( 1 4 ) , 154 ( 7 ) , 155 ( 1 0 ) , 165 ( 1 2 ) , 180 ( 2 3 ) , 
181 ( 2 0 ) , 195 ( 4 0 ) , 196 ( 1 1 ) , 207 ( 9 ) , 211 ( 1 3 ) , 239 ( 1 0 0 ) , 240 ( 1 9 ) , 
269 ( 7 ) , 270 (60) M + , 271 ( 1 3 ) , and 272 ( 3 ) . 
This compares f a v o r a b l y w i t h t h e mass s p e c t r a of m e t h y l - o , o _ f -
b i p h e n y l c a r b o x y l a t e , m/e ( r e l a t i v e %): 75 ( 3 ) , 76 ( 2 6 ) , 77 ( 2 ) , 90 ( 2 ) , 
104 ( 9 ) , 105 ( 1 ) , 119 ( 1 ) , 126 ( 1 ) , 127 ( 2 ) , 128 ( 3 ) , 139 ( 7 ) , 140 ( 2 ) , 
142 ( 1 ) , 150 ( 3 ) , 151 ( 5 ) , 152 ( 1 3 ) , 153 ( 3 ) , 154 ( 1 ) , 155 ( 2 ) , 156 ( 1 ) , 
Response f a c t o r f o r gc c a l i b r a t i o n was assumed t o be t h e same 
as for p h t h a l i c a c i d . 
Response f a c t o r f o r gc c a l i b r a t i o n was assumed t o be the same 
a s for 2 - b i p h e n y l c a r b o x y l i c a c i d . 
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165 ( 5 ) , 166 ( 2 ) , 167 ( 3 ) , 168 ( 6 ) , 169 ( 2 ) , 179 ( 1 ) , 180 ( 1 4 ) , 181 ( 3 ) , 
195 ( 9 ) , 196 ( 1 7 ) , 198 ( 3 ) , 211 ( 1 0 0 ) , 212 ( 1 8 ) , 213 ( 2 ) , 239 ( 4 ) , 240 
( 1 ) , 270 ( 2 . 8 ) M + , 271 ( 0 . 6 ) , and 272 ( 0 . 1 ) , and w i t h t h e mass s p e c t r a 
of m e t h y l - £ , £ - b i p h e n y l d i c a r b o x y l a t e , m/e ( r e l a t i v e %): 75 ( 9 ) , 76 ( 4 8 ) , 
77 ( 7 ) , 80 ( 5 ) , 81 ( 3 ) , 82 ( 5 ) , 84 ( 3 ) , 90 ( 2 0 ) , 91 ( 5 ) , 95 ( 5 ) , 97 ( 5 ) , 
104 ( 3 2 ) , 105 ( 4 ) , 106 ( 4 ) , 119 ( 5 ) , 126 ( 3 ) , 127 ( 7 ) , 141 ( 5 ) , 150 ( 8 ) , 
151 ( 1 4 ) , 152 ( 3 8 ) , 153 ( 8 ) , 154 ( 4 ) , 155 ( 8 ) , 156 ( 3 ) , 165 ( 9 ) , 166 ( 4 ) , 
167 ( 4 ) , 168 ( 3 ) , 169 ( 3 ) , 179 ( 7 ) , 180 ( 3 ) , 181 ( 3 ) , 183 ( 3 ) , 196 ( 6 ) , 
211 ( 4 ) , 239 ( 1 0 0 ) , 240 ( 1 9 ) , 241 ( 2 ) , 269 ( 1 ) , 270 (48) M + , 271 ( 7 . 5 ) , 
and 272 ( 1 . 0 ) , which were a l s o i s o l a t e i d by p r e p a r a t i v e g c . The l a t t e r 
two methyl e s t e r s have mass s p e c t r a i d e n t i c a l t o t h a t of a u t h e n t i c 
samples of m e t h y l - o , £ ' - b i p h e n y l d i c a r b o x y l a t e and m e t h y l - £ , j ) ' - b i p h e n y 1 -
d i c a r b o x y l a t e r e s p e c t i v e l y . 
R e a c t i o n of Toluene w i t h Cs-K-Na A l l o y a t -45°C 
In r e a c t i o n I V - 5 1 , Cs-K-Na a l l o y ( 8 0 . 7 mg-atoms Cs, 8 0 . 8 mg-atoms 
K, 8 . 6 mg-atoms Na) was v i g o r o u s l y s t i r r e d i n 350 ml of THF, and t h i s 
mixture was c o o l e d t o - 4 5 ° C . Then 2 .9936 g ( 3 2 . 4 9 mmol) of t o l u e n e i n 
5 . 0 ml of THF was s y r i n g e d i n t o t h e f l a s k . The b l u e s o l u t i o n r a p i d l y 
darkened w i t h t h e format ion of t h e b l a c k ces ium t o l u e n i d e p r e c i p i t a t e . 
Af ter f o r t y m i n u t e s , t h e f l a s k c o l o r was green ( y e l l o w p r e c i p i t a t e i n a 
b l u e s o l u t i o n ) . The r e a c t i o n was a l lowed t o c o n t i n u e f o r t h r e e hours 
and then t h e f l a s k ' s c o n t e n t s were c a r e f u l l y j e t t e d i n t o 500 ml of i c e 
w a t e r . A f t e r s tandard work-up and g c a n a l y s i s on a FFAP column (VI, 
80°C) , the f o l l o w i n g monomeric products (mmol, mole % y i e l d based on 
t o l u e n e as l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) w e r e observed: 
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2 , 5 - d i h y d r o t o l u e n e ( 5 . 0 5 mmol, 1 5 . 6 m o l e %, 7 . 4 m i n . ) and t o l u e n e ( 7 . 5 3 
mmol, 2 3 . 2 m o l e %, 8 . 8 m i n . ) . On t h e same b a s i s , a n a l y s i s b y g c o n a 
Carbowax 20-M c o l u m n ( I V , 1 3 0 ° C ) g a v e t h e d i m e r i z a t i o n p r o d u c t s : 3 , 3 ' -
d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 9 . 6 5 mmol, 5 6 . 3 m o l e %, 6 . 4 m i n . ) 
and an i s o m e r i c m i x t u r e o f 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' , 2 , 4 ' - t e t r a h y d r o b i p h e n y l 
and 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' , 4 , 6 ' - t e t r a h y d r o b i p h e n y l ( 0 . 2 8 mmol , 1 . 7 m o l e %, 
7 . 1 m i n . ) . 
Mass s p e c t r a l a n a l y s i s o f t h e 2 , 5 - d i h y d r o t o l u e n e i s o l a t e d by p r e ­
p a r a t i v e g c had t h e f o l l o w i n g p e a k s b e y o n d t h o s e o f t h e THF c o n t a m i n a n t , 
m / e ( r e l a t i v e %): 76 ( 2 ) , 77 ( 5 1 ) , 78 ( 1 1 ) , 79 ( 1 0 0 ) , 8 0 ( 7 ) , 89 ( 2 ) , 
9 0 ( 1 ) , 9 1 ( 4 4 ) , 92 ( 1 6 ) , 93 ( 1 9 ) , 94 ( 7 8 ) M + , 95 ( 9 ) , and 96 ( 0 . 5 ) . 
T h i s s p e c t r u m i s i d e n t i c a l w i t h t h a t o f a c o m m e r c i a l s a m p l e o f 2 , 5 -
d i h y d r o t o l u e n e . 
A f t e r t h e g c a n a l y s i s , t h e r e a c t i o n m i x t u r e was r e d u c e d u n d e r 
vacuum t o 1 . 7 0 0 1 g o f a y e l l o w o i l . The 1 H NMR (CCl^) o f t h i s o i l h a d 
a b s o r b a n c e a t 6 1 . 6 6 ( 3 . 0 H, s , m e t h y l ) , 2 . 5 3 ( 3 . 0 H, c o m p l e x m, a l l y l ) , 
5 . 2 7 ( 1 . 1 H, c o m p l e x m, v i n y l ) , and 5 . 6 0 ( 1 . 9 H, c o m p l e x m, v i n y l ) . T h i s 
i s i n g o o d a g r e e m e n t w i t h t h e s t r u c t u r e o f 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' -
t e t r a h y d r o b i p h e n y l and t h e 1 H NMR ( C D C 1 3 ) o f 2 , 5 - d i h y d r o t o l u e n e w h i c h 
h a d a b s o r b a n c e a t 6 1 . 6 5 ( 3 . 1 H, s , m e t h y l ) , 2 . 5 7 ( 4 . 0 H, s , a l l y l ) , 
5 . 4 0 ( 1 . 0 H, s , v i n y l ) * , and 5 . 6 7 ( 1 . 9 H, s , v i n y l ) * . The 1 3 C NMR s p e c ­
t r a (CDC1 3 ) o f 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l and 2 , 5 - d i h y d r o ­
t o l u e n e a r e shown i n F i g u r e 4 . The UV s p e c t r u m (95% EtOH) o f t h e o i l 
h a d an a b s o r b a n c e a t 2 6 5 0 A, e = 2 4 9 . 0 . The s p e c t r u m w a s r e p e a t e d , u s i n g 
T h e s e s i n g l e t p e a k s h a v e a b o u t t w i c e t h e b a s e w i d t h a s t h e TMS 
p e a k . 
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1 2 3 . 7 0 5 6 ( 7 6 . 7 % , d) 
2 6 . 8 1 6 6 ( 4 1 . 7 % , t ) 
1 1 8 . 1 2 4 6 ( 3 7 . 9 % , d ) 
3 0 . 6 3 8 6 ( 4 4 . 6 , t ) 
1 3 0 . 6 6 2 • & ( 3 7 . 3 % , s ) 
2 3 . 3 5 8 6 ( 3 2 . 1 % , q ) 
4 1 . 6 2 0 6 ( 3 8 . 4 % , d ) 
1 2 6 . 5 5 9 6 ( 3 2 . 5 % , d o f d ) 
1 2 4 . 3 7 5 6 ( 4 0 . 0 % , d ) 
3 1 . 3 3 6 6 ( 4 0 . 7 % , t ) 
1 3 1 . 5 3 4 6 ( 3 1 . 1 % , s ) 
1 2 1 . 6 4 2 6 ( 3 2 . 0 % , d o f d) 2 3 . 2 3 6 6 ( 2 9 . 6 % , q) 
F i g u r e 4 . C NMR S p e c t r a (CDC1 ) o f 2 , 5 - D i h y d r o t o l u e n e and 
3 , 3 ' - D i m e t h y 1 - 1 , 1 * , 4 , 4 ' - t e t r a h y d r o b i p h e n y l w i t h 
S u g g e s t e d A s s i g n m e n t s o f A b s o r p t i o n P e a k s . 
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a sample of t h e 3 , 3 ' - d i m e t h y l - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l i s o l a t e d by 
p r e p a r a t i v e g c , and no absorbance (2650 A , e = 0) was o b s e r v e d . Thus 
about 3 w t . % of t h e crude dimer has a conjugated d i e n e s y s t e m . [The 
UV spectrum (95% EtOH) of 1 , 3 - c y c l o h e x a d i e n e has an absorbance a t 2600 
A, e = 8 0 0 0 . ] The IR spectrum of t h e n e a t o i l had absorbance bands a t 
the f o l l o w i n g wave numbers ( c m - 1 ) : 3080 (w) , 3025 ( s ) , 2975 ( s ) , 
2925 ( s ) , 2875 ( s ) , 2825 ( s ) , 2775 ( w ) , 2710 .(w), I860 (w) , 1690 (m), 
1640 ( w ) , 1450 ( s ) , 1425 ( s ) , 1380 ( s ) , 1340 (w) , 1290 (w) , 1240 (w) , 
1195 (w) , 1165 (w) , 1145 (w) , 1075 (w) , 1005 (m), 930 ( s ) , 855 (w) , 840 
(m), 770 (m), 740 (m), 715 ( s ) , and 650 (m). The mass s p e c t r a l a n a l y s i s 
of t h e 3 , 3 ' - d i m e t h y l - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l i s o l a t e d by prepara­
t i v e gc had t h e f o l l o w i n g observed spectrum, m/e ( r e l a t i v e %): 37 ( 2 ) , 
38 ( 6 ) , 39 ( 2 5 ) , 40 ( 4 ) , 41 ( 7 ) , 42 ( 1 ) , 43 ( 3 ) , 44 ( 5 ) , 45 ( 7 ) , 46 ( 6 ) , 
49 ( 2 ) , 50 ( 8 ) , 51 ( 1 4 ) , 52 ( 4 ) , 53 ( 3 ) , 54 ( 1 ) , 55 ( 2 ) , 56 ( 2 ) , 57 ( 2 ) , 
60 ( 1 ) , 61 ( 3 ) , 62 ( 6 ) , 63 ( 1 2 ) , 64 ( 3 ) , 65 ( 2 0 ) , 66 ( 3 ) , 67 ( 1 ) , 73 ( 1 ) , 
74 ( 2 ) , 75 ( 2 ) , 76 ( 1 ) , 77 ( 8 ) , 78 ( 2 ) , 79 ( 1 5 ) , 80 ( 1 ) , 85 ( 2 ) , 86 ( 2 ) , 
87 ( 2 ) , 89 ( 6 ) , 90 ( 5 ) , 91 ( 1 0 0 ) , 92 ( 7 6 ) , 93 ( 1 1 ) , 94 ( 9 ) , 95 ( 1 ) , 
141 ( 2 ) , 1 4 9 . ( 4 ) , 169 ( 1 ) , 184 ( 0 . 7 ) , 185 ( 0 . 4 ) , 186 ( 1 . 3 ) M + , 187 ( 0 . 4 ) , 
and 188 ( 0 . 1 ) . [Mass s p e c t r a l a n a l y s i s o f the crude o i l i n d i c a t e s p o s s i ­
b l e contaminat ion by 3 , 3 ' - d i m e t h y l b i p h e n y l (M + 1 8 2 ) , l , 4 - d i h y d r o - 3 , 3 ' -
d i m e t h y l b i p h e n y l (M 184) and m - ( 3 - m e t h y l c y c l o h e x y l ) t o l u e n e (M 188) 
s i n c e the mass spectrum had the f o l l o w i n g peaks i n t h e M + r e g i o n , m/e 
( r e l a t i v e %): 181 ( 0 . 5 , 182 ( 4 . 0 ) , 183 ( 1 . 5 ) , 184 ( 5 . 0 ) , 1 8 5 . ( 1 . 0 ) . , . ' 
186 ( 1 . 5 ) , 187 ( 1 . 5 ) , 188 ( 2 . 5 ) , 189 ( 0 . 8 ) , and 190 ( 0 . 5 ) . ] The d u p l i ­
c a t e C, H a n a l y s i s o f t h e 3 , 3 ' - d i m e t h y l - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l 
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i n d i c a t e d t h e compound w a s 9 0 . 4 4 % C and 9 . 4 8 % H and 9 0 . 4 6 % C and 
9 . 4 6 % H. The c a l c u l a t e d c o m p o s i t i o n i s 9 0 . 2 6 % C and 9 .74% H. 
The 1 H NMR s o l u t i o n o f t h e 3 , 3 ' - d i m e t h y l - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o -
b i p h e n y l w a s r e d u c e d u n d e r vacuum and d e h y d r o g e n a t e d o v e r n i g h t b y 1 
g o f 5% Pd/C i n 5 0 ml r e f l u x i n g t o l u e n e . Gc a n a l y s i s a f t e r d e h y d r o g e n ­
a t i o n on a Carbowax 20-M c o l u m n ( I V , 1 7 0 ° C ) g a v e t h e f o l l o w i n g p r o ­
d u c t s ( r e l a t i v e a r e a %, r e t e n t i o n t i m e ) : 2 , 2 1 - d i m e t h y l b i p h e n y 1 ( 0 . 2 4 
r e l . a r e a %, 4 . 9 m i n . ) , 2 , 3 ' - d i m e t h y l b i p h e n y l ( 0 . 1 4 r e l . a r e a %, 7 . 4 
m i n . ) , a n u n d e h y d r o g e n a t e d compound ( 3 . 5 3 r e l . a r e a %, 1 0 . 1 m i n . ) , and 
3 , 3 1 - d i m e t h y l b i p h e n y 1 ( 9 6 . 0 9 r e l . a r e a %, 1 3 . 4 m i n . ) . The NMR (CC1 4 ) 
o f t h e d e h y d r o g e n a t e d d i m e r , w h i c h w a s i d e n t i c a l t o t h e NMR o f 
3 , 3 ' - d i m e t h y l b i p h e n y l , had a b s o r b a n c e a t 6 2 . 3 2 ( 6 . 0 H, s , m e t h y l ) and 
7 . 1 2 ( 8 . 1 H, c o m p l e x m, a r o m a t i c ) . 
U s i n g a n a l t e r n a t e d e h y d r o g e n a t i o n m e t h o d , 0 . 1 3 0 3 g o f t h e d i m e r 
w a s o x i d i z e d o v e r n i g h t by 0 . 5 1 8 g o f DDQ i n 2 5 ml o f r e f l u x i n g b e n z e n e . 
The e x c e s s DDQ w a s d e s t r o y e d by t h e a d d i t i o n o f 1 m l o f 1 , 4 - d i h y d r o ­
b e n z e n e . The m i x t u r e w a s f i l t e r e d and t h e f i l t r a t e w a s c o n c e n t r a t e d . 
The r e c o v e r e d w e i g h t o f d e h y d r o g e n a t e d d i m e r w a s 0 . 1 2 0 5 g ( 9 2 . 5 wt % ) . 
Gc a n a l y s i s o n a Carbowax-20 -M c o l u m n ( I V , 1 7 0 ° C ) t h e f o l l o w i n g p r o d u c t s 
( r e l a t i v e a r e a % y i e l d , r e t e n t i o n t i m e ) w e r e o b s e r v e d : o_, o ' - d i m e t h y 1 -
b i p h e n y l ( 0 . 3 8 r e l . a r e a %, 4 . 9 m i n . ) , o_ ,m'-dime t h y l b i p h e n y l ( 0 . 1 9 r e l . 
a r e a %, 7 . 4 m i n . ) , and m , m ' - d i m e t h y l b i p h e n y l ( 9 9 . 4 3 r e l . a r e a %, 1 3 . 4 
m i n . ) . 
The ''"H NMR s p e c t r u m (CCl^) o f t h e p r o d u c t d e h y d r o g e n a t e d w i t h 
DDQ, w h i c h was i d e n t i c a l t o t h a t o f a u t h e n t i c 3 , 3 ' - d i m e t h y l b i p h e n y l , had 
a b s o r b a n c e a t 6 2 . 3 3 ( 6 . 0 H, s , m e t h y l ) and 7 . 1 2 ( 8 . 0 H, m, a r o m a t i c ) . 
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The IR spectrum of t h i s nea t o i l , which was i d e n t i c a l t o t h a t o f 3 , 3 ' -
d i m e t h y l b i p h e n y l , had absorbance bands a t t h e f o l l o w i n g wave numbers 
( c m " 1 ) : 3010 ( s ) , 2930 ( s h o u l d e r ) , 2900 (s) , 2840 (m), 2710 (w) , 
1930 (w), 1850 (w) , 1760 (w) , 1680 (w) , 1600 ( s ) , 1575 ( s ) , 1550 
( s h o u l d e r ) , 1465 ( s ) , 1445 ( s h o u l d e r ) , 1385 (w) , 1365 (w) , 1155 (w) , 
1080 ( s ) , 1025 (m), 880 ( s h o u l d e r ) , 870 ( s ) , 770 ( s ) , and 690 ( s ) . The 
UV spectrum (95% EtOH) had a maximum a t 2500 A w i t h e = 1 5 , 9 0 0 , which 
was i n good agreement w i t h tha t of a u t h e n t i c 3 , 3 ' - d i m e t h y l b i p h e n y l : 
2500 A, e = 1 7 , 5 0 0 ( l i t e r a t u r e : 2500 I, e = 1 6 , 3 0 0 ) . 5 9 
R e a c t i o n of Toluene w i t h Cs-K-Na A l l o y at - 4 5 ° C ; A n a l y s i s 
of Cs-K-Na A l l o y f o r t h e Reac t ing A l k a l i Metal 
In r e a c t i o n IV-69 , a n a l y s i s of a sample of premade Cs-K-Na a l l o y 
( 0 . 2 5 0 7 ± 0 .0002 g Cs-K-Na; 3 . 0 1 2 ± 0 . 0 0 1 mmol of MOH; 1 .1385 ± 0 . 0 0 2 0 
g of Cs-KTPB) gave an a l l o y compos i t i on of 4 8 . 3 ± 0 . 5 atom % Cs, 4 4 . 5 ± 
0 . 4 atom % K, and 7 . 2 ± 0 . 1 atom % Na. (Note F i g u r e 2 , t h e above 
c o m p o s i t i o n ' s f r e e z i n g p o i n t i s - 7 3 ° C . ) The Cs-K-Na a l l o y ( 4 3 . 6 3 mg-
atom Cs; 4 0 . 2 7 mg-atbm K; 6 .48 mg-atoms Na) i n a b l u e THF (350 ml) s o l u ­
t i o n was c o o l e d t o -45°C w i t h v i g o r o u s s t i r r i n g . At t h i s t e m p e r a t u r e , 
1 .3630 g ( 1 4 . 7 9 mmol) of t o l u e n e i n 5 . 0 ml of THF was s y r i n g e d i n t o t h e 
f l a s k . The f l a s k c o l o r changed i n s t a n t l y upon a d d i t i o n from b l u e t o 
b l a c k . A f t e r 45 m i n u t e s , the f l a s k c o l o r was a dark green ( y e l l o w p r e ­
c i p i t a t e i n a b l u e s o l u t i o n ) . A f t e r four h o u r s , a second Cs-K-Na a l l o y 
sample was analyzed' ( 0 . 1 9 8 4 ± 0 .0002 g Cs-K-Na; 2 .712 ± 0 . 0 0 1 mmol MOH; 
" U l t r a v i o l e t S p e c t r a l D a t a . " American Petroleum Research 
P r o j e c t 4 4 , s e r i a l no . 705 . 
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0 . 9 8 1 0 ± 0 . 0 0 2 0 g C s - K T P B ) a n d f o u n d t o h a v e a c o m p o s i t i o n : 3 7 . 8 ± 0 . 5 
a t o m % C s , 5 3 . 2 ± 0 . 3 a t o m % K, a n d 9 . 0 ± 0 . 1 a t o m % N a . D u r i n g t h e 
s a m p l i n g , t h e r e a c t i o n m i x t u r e s t o o d f o r 2 5 m i n u t e s w i t h n o s t i r r i n g . 
T h e f l a s k ' s g r e e n c o l o r e d c o n t e n t s w e r e t h e n s l o w l y j e t t e d i n t o 5 0 0 m l 
o f i c e w a t e r . A f t e r s t a n d a r d w o r k u p a n d g c a n a l y s i s o n a F F A P c o l u m n -
( V I , 7 0 ° C ) t h e f o l l o w i n g m o n o m e r i c p r o d u c t s ( m m o l ; m o l e % y i e l d b a s e d 
o n t o l u e n e a s l i m i t i n g r e a g e n t ; r e t e n t i o n t i m e ) w e r e o b s e r v e d : 2 , 5 -
d i h y d r o t o l u e n e ( 3 . 2 1 m m o l ; 2 1 . 6 m o l e %; 1 3 . 3 m i n . ) a n d t o l u e n e ( 4 . 6 0 
m m o l ; 3 1 . 2 m o l e %; 1 6 m i n . ) . O n t h e s a m e b a s i s , a n a l y s i s b y g c o n a 
C a r b o w a x 2 0 - M c o l u m n ( I V , 1 2 0 ° C ) g a v e t h e f o l l o w i n g d i m e r i c p r o d u c t s : 
3 , 3 f - d i m e t h y l - l , l f - 4 , 4 f - t e t r a h y d r o b i p h e n y l ( 3 . 3 6 m m o l ; 4 5 . 4 m o l e %; 
1 3 m i n . ) a n d a n i s o m e r i c m i x t u r e o f 3 , 3 f - d i m e t h y 1 - 1 , 1 ' ^ ^ - t e t r a h y d r o ­
b i p h e n y l a n d 3 , 3 ' - d i m e t h y 1 - 1 , l f , 2 , 4 ' - t e t r a h y d r o b i p h e n y l ( 0 . 1 3 m m o l ; 1 . 8 
m o l e %; 1 3 . 7 m i n . ) . 
T h e s a m p l e w a s r e d u c e d t o a n o i l o n t h e r o t a t i n g e v a p o r a t o r . 
N e x t 0 . 2 0 0 g o f t h i s o i l w a s o x i d i z e d o v e r n i g h t b y 0 . 8 7 3 g o f DDQ i n 3 0 
m l o f r e f l u x i n g b e n z e n e . T h e e x c e s s DDQ w a s c o n s u m e d b y t h e a d d i t i o n 
o f 3 m l o f 1 , 4 - d i h y d r o b e n z e n e . T h e m i x t u r e w a s f i l t e r e d . B y g c a n a l y ­
s i s o n a C a r b o w a x 2 0 - M c o l u m n ( I V , 1 5 0 ° C ) , t h e f o l l o w i n g p r o d u c t s ( m m o l 
p r o d u c t ; m o l e % y i e l d b a s e d o n d i m e r a s l i m i t i n g r e a g e n t ; g c r e t e n t i o n 
t i m e ) w e r e o b s e r v e d : £ , j O f - d i m e t h y l b i p h e n y l ( 0 . 0 0 7 m m o l ; 0 . 2 m o l e %; 6 . 5 
m i n . ) , £ , m f - d i m e t h y l b i p h e n y l ( 0 . 0 2 4 m m o l ; 0 . 7 m o l e %; 9 . 9 m i n . , a n d m , m f -
d i m e t h y l b i p h e n y l ( 3 . 4 6 0 m m o l ; 9 9 . 1 m o l e %; 1 9 . 0 m i n . ) . 
S y n t h e s i s o f £ , m ' - D i m e t h y l b i p h e n y l 
I n a s t a n d a r d r e a c t i o n a p p a r a t u s , 4 . 9 1 5 0 g ( 2 0 2 . 2 m g - a t o m s ) o f 
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magnesium was s l o w l y s t i r r e d i n 50 ml of d i e t h y l e t h e r . To t h i s mix ­
t u r e 40 .9643 g ( 1 8 7 . 9 mmol) of m - i o d o t o l u e n e was added dropwise over a 
50 min. p e r i o d . Due to t h e exothermic n a t u r e of t h i s r e a c t i o n t h e 
e t h e r began to r e f l u x a f t e r t e n minutes and cont inued u n t i l t h e a d d i ­
t i o n was comple t e . Next , 18 .0470 g ( 1 6 0 . 9 mmol) of 2 - m e t h y l - c y c l o h e x -
anone i n 100 ml of d i e t h y l e t h e r was added dropwise t o t h e brown Grignard 
r e a g e n t over a 25 minute p e r i o d . S in ce t h i s was a l s o an exothermic r e a c ­
t i o n , t h e d i e t h y l e t h e r r e f l u x e d . A f t e r a d d i t i o n of t h e k e t o n e , t h e 
mix ture was hea ted f o r 15 minutes and then s iphoned i n t o 250 ml of 10 % 
HC1. A f t e r standard workup and s o l v e n t removal on a r o t a t i n g e v a p o r a t o r , 
the a l c o h o l was d i s s o l v e d i n 150 ml of dry benzene i n a round bottom 
f l a s k equipped w i t h a Dean-Stark a p p a r a t u s . To t h i s s o l u t i o n was added 
0 .519 g of _ g - t o l u e n e s u l f o n i c a c i d . The s o l u t i o n was h e a t e d a t r e f l u x 
f o r t h r e e hours t o dehydrate the a l c o h o l t o t h e a l k e n e . The r e a c t i o n 
mixture was e x t r a c t e d w i t h aqueous b a s e t o remove t h e a c i d . Thus 
2 3 . 2 6 5 3 g of crude dehydrated product: was i s o l a t e d . T h i s m a t e r i a l ( 5 . 1 5 8 
g) was o x i d i z e d o v e r n i g h t w i t h e x c e s s DDQ ( 1 5 . 0 3 1 g) i n 100 ml of r e f l u x ­
i n g benzene . The e x c e s s DDQ was consumed by t h e a d d i t i o n of 3 ml of 
1 , 4 - d i h y d r o b e n z e n e . The mix ture was then f i l t e r e d and t h e f i l t r a t e 
c o n c e n t r a t e d on t h e r o t a t i n g e v a p o r a t o r . The o i l was vacuum d i s t i l l e d i n 
a Hickman apparatus at 60°C and 0 . 3 mm of Hg. Thus 1 .7943 g of gc pure 
60 1 j o , m f - d i m e t h y l b i p h e n y l was i s o l a t e d ( o v e r a l l y i e l d 2 4 . 4 %). t h e H NMR 
(CC1 4) had absorbance a t 5 2 . 2 0 ( 3 . 0 H, s , o - m e t h y l ) , 2 . 3 3 5 ( 3 . 0 H, s , 
m-methyl ) , and 7 . 0 8 ( 7 . 9 H, m, a r o m a t i c ) . 
B e i l s t e i n , Band 5 , 2nd Supplement, p . 5 1 2 . 
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R e a c t i o n of _t -Butylbenzene w i t h Cs-K-Na A l l o y 
In r e a c t i o n IV-79 , premade Cs-K-Na a l l o y ( 4 4 . 8 mg-atoms Cs, 4 4 . 8 
mg-atoms K, 4 . 8 mg-atoms Na) i n a b l u e THF (350 ml) s o l u t i o n was c o o l e d 
t o -40°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 2 .0786 g ( 1 5 . 4 9 
mmol) of J t -buty lbenzene was s y r i n g e d i n t o t h e f l a s k w i t h no change i n 
c o l o r . A f t e r t e n h o u r s , t h e f l a s k c o l o r was s t i l l b l u e and gc a n a l y s i s 
of a pro tonated sample on a Carbowax 20-M column (IV, 60° ) showed t h a t 
no r e a c t i o n had o c c u r r e d . The f l a s k temperature was then r a i s e d , i n the 
f o l l o w i n g order , t o -33°C for 14 h o u r s , -25°C f o r one hour , and 0°C f o r 
two hours w i t h no r e a c t i o n o c c u r r i n g a c c o r d i n g t o gc a n a l y s i s . The f l a s k 
temperature was then r a i s e d t o 27°C; a f t e r 12 hours t h e f l a s k c o l o r 
f i n a l l y became b l a c k and gc a n a l y s i s i n d i c a t e d a 9 r e l . area % y i e l d of 
2 , 5 - d i h y d r o - _ t - b u t y l b e n z e n e . (Note t h a t i n samples t h a t were e i t h e r c e n ­
t r i f uged t o remove s o l i d s or had mercury added b e f o r e p r o t o n a t i o n no 
r e d u c t i o n product was o b s e r v e d . ) In an at tempt t o i n c r e a s e t h e e x t e n t 
of r e a c t i o n , the f l a s k temperature was r a i s e d t o 67°C and mainta ined f o r 
s e v e n h o u r s . At t h i s t i m e , the f l a s k ' s c o n t e n t s were j e t t e d i n t o 500 
ml of i c e water and a 2 ml gc sample was quenched w i t h 1^• 
A f t e r s tandard workup and gc a n a l y s i s on a Carbowax 20-M column 
(IV, 60°C) the f o l l o w i n g monomeric products (mmol; r e l a t i v e area %; mole 
% based on ^ - b u t y l b e n z e n e a s l i m i t i n g r e a g e n t ; gc r e t e n t i o n t ime) were 
observed: 2 , 5 - d i h y d r o - ^ - b u t y l b e n z e n e * ( 2 . 0 3 mmol; 1 3 . 8 r e l area %; 1 3 . 1 
The ass ignment of s t r u c t u r e a s 2 , 5 - d i h y d r o - t - b u t y l b e n z e n e i s 
t e n t a t i v e . S i n c e t h i s compound has a s h o r t e r gc r e t e n t i o n t ime than 
_ t -buty lbenzene , i t should by ana logy t o t h e benzene and t o l u e n e sys tems 
be 2 , 5 - d i h y d r o - t - b u t y l b e n z e n e . 
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mole %; 5 . 1 m i n . ) and t - b u t y l b e n z e n e ( 1 2 . 6 9 mmol; 8 6 . 2 r e l . area %; 
8 1 . 9 mole %; 9 . 5 m i n . ) . Note t h a t t h e quench had 16 r e l . area % of 
2 , 5 - d i h y d r o - t - b u t y l b e n z e n e and 84 r e l . area % of t - b u t y l b e n z e n e . These 
r e s u l t s i n d i c a t e t h a t the r a d i c a l an ion was pro tonated by t h e s o l v e n t 
a t 67°C. Gc a n a l y s i s on t h e same column (IV, 170° ) i n d i c a t e s t h a t 0 .7 
mole % of t h e s t a r t i n g m a t e r i a l was converted t o d i m e r i c p r o d u c t s . 
R e a c t i o n of _p_-Xylene w i t h Cs-K-Na A l l o y 
In r e a c t i o n I V - 1 2 1 , premade Cs-K-Na a l l o y ( 3 9 . 4 mg-atoms Cs, 
4 2 . 9 mg-atoms K, 1 0 . 9 mg-atoms Na) i n a b l u e THF (350 ml) s o l u t i o n was 
coo led to -45°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 1 .4549 g 
( 1 3 . 7 1 mmol) of j>-xylene was s y r i n g e d i n t o t h e f l a s k . Upon a d d i t i o n 
t h e f l a s k c o l o r darkened. The r e a c t i o n mixture was s t i r r e d a t -45°C f o r 
n i n e hours and then a t -10°C for 12 h o u r s . Gc a n a l y s i s of samples 
removed from the r e a c t i o n f l a s k and hydro lyzed d u r i n g t h i s p e r i o d i n d i ­
c a t e d t h a t no r e a c t i o n had o c c u r r e d . Thus, t h e r e a c t i o n temperature was 
r a i s e d t o 20°C f o r one hour. At t h i s t i m e , a 5 ml sample was quenched 
w i t h crushed Dry I c e and the bu lk of t h e c o n t e n t s of t h e f l a s k were 
j e t t e d i n t o 500 ml of i c e w a t e r . A f t e r s tandard workup, gc a n a l y s i s on 
a Carbowax 20-M column (IV, 130° ) i n d i c a t e d t h a t no o r g a n i c a c i d s were 
formed i n the sample which was carbonated . Gc a n a l y s i s on a FFAP column 
(VI, 70°C) f o r monomeric produc t s and on a Carbowax 20-M column (IV, 150°C) 
for d i m e r i c product s i n d i c a t e d 0 . 5 mole % t o t a l y i e l d of r e d u c t i o n and 
d i m e r i c products i n t h e main quench which was p r o t o n a t e d . 
R e a c t i o n of m-Xylene w i t h Cs-K-Na A l l o y a t -48°C 
In r e a c t i o n IV-123 , t h e unreac ted Cs-K-Na a l l o y l e f t i n t h e 
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3 0 0 ml o f dry THF. The Cs -K-Na a l l o y i n t h e l i g h t b l u e THF s o l u t i o n 
was v i g o r o u s l y s t i r r e d f o r o n e h o u r a t room t e m p e r a t u r e and t h e n c o o l e d 
t o - 4 8 ° C . At t h i s t e m p e r a t u r e , 0 . 6 7 0 4 g ( 6 . 3 1 5 mmol) o f m - x y l e n e i n 
5 . 0 ml o f THF w a s s y r i n g e d i n t o t h e f l a s k . The f l a s k c o l o r s l o w l y 
d a r k e n e d o v e r a o n e h o u r p e r i o d t o a b l a c k c o l o r . S u b s e q u e n t l y , t h e 
c o l o r b e c a m e i n c r e a s i n g l y g r e e n . T h u s , a f t e r 3 .5 h o u r s t h e f l a s k c o l o r 
w a s b r i g h t g r e e n ( y e l l o w p r e c i p i t a t e i n a b l u e s o l u t i o n ) . The r e a c t i o n 
m i x t u r e was s l o w l y j e t t e d i n t o 5 0 0 ml o f i c e w a t e r . 
A f t e r s t a n d a r d workup and g c a n a l y s i s on a FFAP c o l u m n ( V I , 7 0 ° C ) 
t h e f o l l o w i n g m o n o m e r i c p r o d u c t s (mmol; m o l e % y i e l d b a s e d o n m - x y l e n e 
a s t h e l i m i t i n g r e a g e n t ; g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : 2 , 5 - d i h y d r o -
m - x y l e n e ( 1 . 4 3 mmol; 2 2 . 6 m o l e %; 1 0 „ 4 m i n . ) and m - x y l e n e ( 2 . 4 8 mmol; 
3 9 . 3 m o l e %; 1 2 . 6 m i n . ) . On t h e same b a s i s , a n a l y s i s b y g c on a Carbowax 
20-M co lumn ( I V , 5 0 ° f o r 9 m i n . t h e n t e m p e r a t u r e program a t 5 0 ° / m i n . t o 
1 5 0 ° C ) g a v e 3 , 3 ' , 5 , 5 ' - t e t r a m e t h y l - l , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 1 . 2 0 5 
mmol; 3 8 . 1 m o l e %; 17 m i n . ) . 
F o l l o w i n g t h e g c a n a l y s i s , t h e r e a c t i o n m i x t u r e w a s r e d u c e d on 
t h e r o t a t i n g e v a p o r a t o r t o 0 . 9 4 9 6 g o f a brown o i l . The m a t e r i a l was 
s t o r e d i n t h e r e f r i g e r a t o r o v e r n i g h t . The d i m e r c r y s t a l l i z e d o u t o f t h e 
o i l a s f i n e w h i t e n e e d l e s . A f t e r f i l t r a t i o n and w a s h i n g w i t h a s m a l l 
amount o f p e n t a n e , 7 4 . 6 mg o f f i n e w h i t e n e e d l e s m . p . 9 6 . 9 - 9 6 . 5 ° C w e r e 
i s o l a t e d . The "Si NMR (CDC1 3 ) o f t h e n e e d l e s had a b s o r b a n c e a t 6 1 . 7 0 
( 1 2 . 0 H, s , m e t h y l ) , 2 . 5 0 ( 6 . 0 H, m, a l l y l ) , and 5 . 3 3 ( 4 . 0 H, b r o a d s , 
v i n y l i c ) . The UV s p e c t r u m (95% EtOH) had a b s o r b a n c e a t 2 7 3 0 A w i t h 
e = 1 0 2 . 6 . T h i s i n d i c a t e s , s i n c e 1 , 3 - c y c l o h e x a d i e n e a t 2 6 0 0 A h a s an 
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e = 8 0 0 0 , t h a t some 1.3% o f t h e d i m e r e x i s t s a s t h e c o n j u g a t e d d i e n e . 
( N o t e t h a t t h e a b s o r b a n c e o f t h e c o n j u g a t e d d i e n e i m p u r i t y i n t h e 3 , 3 ' -
d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l i s o l a t e d from t h e r e a c t i o n o f 
t o l u e n e w i t h Cs -K-Na a l l o y h a d a b s o r b a n c e a t 2 6 7 0 A*. I f we add 50 A 
f o r t h e a d d i t i o n a l m e t h y l g r o u p t h e p r e d i c t e d a b s o r b a n c e i s a t 2 7 2 0 A . ) 
I n r e a c t i o n I V - 1 3 1 , premade Cs -K-Na a l l o y ( 6 2 . 9 m g - a t o m s C s , 
7 2 . 7 m g - a t o m s K, 1 9 . 8 m g - a t o m s Na) i n a b l u e THF ( 3 5 0 m l ) s o l u t i o n was 
c o o l e d t o - 4 8 ° C w i t h v i g o r o u s s t i r r i n g . At t h i s t e m p e r a t u r e , 2 . 2 6 5 0 g 
( 2 1 . 3 4 mmol) o f m - x y l e n e i n 5 . 0 ml o f THF was s y r i n g e d i n t o t h e f l a s k . 
The c o l o r i n s t a n t l y t u r n e d b l a c k and a f t e r o n e m i n u t e d a r k g r e e n . A t 3 0 
m i n u t e s t h e f l a s k c o l o r w a s b r i g h t g r e e n ( y e l l o w p r e c i p i t a t e i n a b l u e 
s o l u t i o n ) . The r e a c t i o n m i x t u r e was v i g o r o u s l y s t i r r e d f o r 3 h o u r s a t 
- 4 8 ° C and t h e n c a r e f u l l y j e t t e d i n t o 5 0 0 m l o f i c e w a t e r . 
A f t e r s t a n d a r d w o r k u p and g c a n a l y s i s o n a Carbowax 20-M c o l u m n 
( I V , 1 0 0 ° C ) t h e f o l l o w i n g p r o d u c t s (mmol; m o l e % y i e l d b a s e d on m - x y l e n e 
a s l i m i t i n g r e a g e n t ; g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : 2 , 5 - d i h y d r o - m -
x y l e n e ( 2 . 8 6 mmol: 1 3 . 4 m o l e %; 2 . 4 m i n . ) , m - x y l e n e ( 5 . 9 2 mmol; 2 7 . 8 
m o l e %;• 2 . 7 m i n . ) , and 3 , 3 ' , 5 , 5 ' - t e t r a m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l 
( 5 . 8 5 mmol; 54.8 m o l e %; 4 1 . 9 m i n . ) . A f t e r t h e g c a n a l y s i s , t h e m i x t u r e 
w a s r e d u c e d on t h e r o t a t i n g e v a p o r a t o r t o 2 . 0 3 2 7 g ( 9 0 w t . %) o f a brown 
s o l i d - o i l m i x t u r e . From t h i s m i x t u r e was f i l t e r e d 1 . 1 9 9 4 g ( 5 3 . 0 w t . %) 
o f w h i t e p o w d e r l i k e d i m e r mp. 9 3 . 5 - 9 4 . 5 ° C (mp. 9 6 . 0 - 0 6 . 5 ° C a f t e r r e c r y s t a l -
l i z a t i o n from 95% EtOH). 
The 1 H NMR ( C D C 1 3 ) and t h e UV (95% EtOH) s p e c t r a w e r e g i v e n i n 
13 
t h e p r e c e d i n g r e a c t i o n . The C NMR (CDC1 ) i s shown i n F i g u r e 5 . The 
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2 2 . 9 9 4 6 ( 2 0 . 8 h t %, q ) 
1 3 1 . 2 2 9 <5 ( 5 5 . 7 h t %, s ) 
3 6 . 3 4 1 6 ( 1 3 . 0 h t %, t ) 
1 2 1 . 4 6 3 6 ( 2 9 . 2 h t %, d ) 
4 3 . 0 1 5 6 ( 1 7 . 0 h t %, d) 
1 2 4 . 5 5 5 6 ( 3 9 . 6 h t %, d) 
1 2 8 . 0 7 3 6 ( 1 9 . 5 h t %, d ) 
1 3 7 . 3 5 9 6 ( 6 2 . 7 h t %, s ) 
1 4 0 . 9 3 6 6 ( 2 9 . 6 h t %, s ) 
I— 2 1 . 2 9 5 6 ( 2 2 . 0 h t %, q ) 
F i g u r e 5 . C NMR S p e c t r a (CDC1 3 ) o f 3 , 3 1 , 5 , 5 ' - T e t r a m e t h y l -
1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l and 3 , 3 ' , 5 , 5 ' -
T e t r a m e t h y l b i p h e n y l w i t h S u g g e s t e d A s s i g n m e n t s 
f o r t h e A b s o r p t i o n P e a k s . 
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low m e l t i n g dimer p l a c e d between two preheated s a l t p l a t e s (100°C) t o 
o b t a i n a t h i n f i l m for IR s p e c t r o s c o p y . The IR spectrum had absorbance 
bands a t t h e f o l l o w i n g wave numbers ( c m " 1 ) : 3020 (m), 2995 ( s ) , 2960 ( s ) , 
2920 ( s ) , 2900 ( s ) , 2860 ( s ) , 2840 ( s ) , 2800 ( s ) , 2780 ( s ) , 2750 (w) , 
2710 (m), 2640 (w) , 2500 (w) , 2430 (w) , 1860 (w) , 1690 (m), 1655 ( w ) , 
1595 (w) , 1440 ( s ) , 1430 ( s h o u l d e r ) , 1385 ( s ) , 1370 ( s ) , 1310 (w) , 
1275 (m), 1240 (w) , 1125 (m), 1090 (w) , 1050 ( s ) , 995 (m), 930 ( s ) , 
925 ( s h o u l d e r ) , 900 (m), 8 7 5 . ( s ) , 850 ( s ) , 825 (w) , 720 ( s ) , and 700 (w) . 
The bands a t 3020 (m), 1310 (w) , and 850 ( s ) are e v i d e n c e d t h a t t h i s com­
pound c o n t a i n s a t r i s u b s t i t u t e d a l k e n e . The band a t 1655 (w) i n d i c a t e s 
t h a t t h e double bonds i n t h i s compound are unconjugated . Thus t h e IR 
spectrum i s c o n s i s t e n t w i t h t h e a s s i g n e d s t r u c t u r e of 3 , 3 ' , 5 , 5 ' - t e t r a -
m e t h y 1 - 1 , 1 ' , 4 , 4 - ' - t e t r a h y d r o b i p h e n y l . Mass s p e c t r a l a n a l y s i s of t h e 
dimer gave t h e f o l l o w i n g f ragmenta t ion p a t t e r n , m/e ( r e l a t i v e %): 37 ( 1 ) , 
38 ( 2 ) , 39 ( 1 8 ) , 40 ( 3 ) , 41 ( 7 ) , 43 ( 1 ) , 50 ( 5 ) , 51 ( 1 4 ) , 52 ( 6 ) , 53 ( 5 ) , 
55 ( 2 ) , 62 ( 2 ) , 63 ( 6 ) , 64 ( 1 ) , 65 ( 9 ) , 66 ( 2 ) , 67 ( 3 ) , 68 ( 2 ) , 69 ( 1 ) , 
74 ( 2 ) , 75 ( 1 ) , 76 ( 1 ) , 77 ( 2 4 ) , 78 ( 7 ) , 79 ( 1 0 ) , 80 ( 1 ) , 81 ( 1 ) , 89 ( 2 ) , 
90 ( 1 ) , 91 ( 1 0 0 ) , 92 ( 9 ) , 93 ( 2 7 ) , 94 ( 2 ) , 95 ( 4 ) , 102 ( 1 ) , 103 ( 5 ) , 
104 ( 2 ) , 105 ( 2 1 ) , 106 ( 4 7 ) , 107 ( 1 3 ) , 108 ( 1 8 ) , 109 ( 3 ) , 110 ( 2 ) , 119 
( 1 ) , 210 ( 0 . 5 ) , 211 ( 0 . 2 5 ) , 212 ( 0 . 5 ) , 213 ( 0 . 2 5 ) , 214 ( 0 . 5 ) M+, 215 
( 0 . 2 5 ) , 216 ( 1 . 0 ) M + , 217 ( 0 . 2 5 ) , and 218 ( 0 . 1 0 ) . This spectrum i n d i ­
c a t e s t h a t t h e dimer (M~*~ 214) i s contaminated w i t h some t e t r a m e t h y l -
hexahydrobipheny 1 , M"*" 216 . However, t h e d u p l i c a t e C, H a n a l y s i s o f t h e 
dimer shows t h e compound t o be 89.43% C, 10.49% H and 89.45% C, 10.47% H 
which c l o s e l y a g r e e s w i t h t h e c a l c u l a t e d v a l u e of 89.65% C and 10.35% H 
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f o r a t e t r a m e t h y l t e t r a h y d r o b i p h e n y l . C a r e f u l g c a n a l y s i s o f t h e i s o l a t e d 
d i m e r i c m a t e r i a l on a Carbowax 20-M c o l u m n ( I V , 1 3 0 ° C ) , t h e m a s s s p e c ­
t r a l and UV d a t a , and a n a l o g y w i t h t h e b e n z e n e and t o l u e n e d i m e r i c 
p r o d u c t s g a v e t h e f o l l o w i n g compounds ( r e l . a r e a %, r e t e n t i o n t i m e ) : 
3 , 3 f , 5 , 5 ' - t e t r a m e t h y 1 - 1 , 2 , 3 , 4 , 5 , 6 - h e x a h y d r o b i p h e n y l ( 1 . 3 r e l . a r e a %, 
9 . 0 m i n . ) , 3 , 3 f , 5 , 5 ' - t e t r a m e t h y l - l , l ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 9 7 . 1 
r e l . a r e a %, 1 0 . 6 m i n . ) , and 3 , 3 ' , 5 , 5 ' - t e t r a m e t h y l - 1 , 1 ' , 2 , 4 ' - t e t r a h y d r o -
b i p h e n y l ( 1 . 6 r e l . a r e a %, 1 2 . 2 m i n . ) . 
As f u r t h e r c o n f i r m a t i o n o f t h e d i m e r s t r u c t u r e , 0 . 2 0 6 g o f t h e 
d i m e r w a s o x i d i z e d o v e r n i g h t by 0 . 8 1 5 g o f DDQ i n 5 0 m l o f r e f l u x i n g 
b e n z e n e . The e x c e s s . DDQ was consumed by t h e a d d i t i o n o f 3 m l o f 1 , 4 -
d i h y d r o b e n z e n e . The m i x t u r e w a s f i l t e r e d and t h e f i l t r a t e c o n c e n t r a t e d 
t o d r y n e s s . T h i s m a t e r i a l w a s t h e n .vacuum s u b l i m e d ( 9 0 ° C / 1 mm H g ) . 
From t h e s u b l i m a t i o n 0 . 1 6 6 9 g ( 8 2 . 6 m o l e % y i e l d ) o f p u r e w h i t e c r y s t a l s , 
m . p . 4 6 - 4 7 ° C ( l i t e r a t u r e 4 8 . 6 - 4 9 . 0 ° C 6 i ) w e r e i s o l a t e d . The NMR (CC1 4 ) 
o f t h e s e c r y s t a l s h a s a b s o r b a n c e a t 6 2 . 2 7 ( 1 2 . 0 H, s , m e t h y l ) , 6 . 8 0 
13 
( 2 . 0 H, s , a r o m a t i c ) , and 7 . 0 5 ( 4 . 0 H, s , a r o m a t i c ) . The C NMR i s 
shown i n F i g u r e 4 . The UV s p e c t r u m (95% EtOH) had a b s o r b a n c e a t 2 5 5 0 1 , 
6? 
e = 1 5 , 6 7 0 ( l i t e r a t u r e 2 5 5 0 A, e = 1 6 2 0 0 ) . The t h i n f i l m IR s p e c t r u m , 
w h i c h was i d e n t i c a l t o t h e IR s p e c t r u m o f 3 , 3 ' , 5 , 5 ' - t e t r a m e t h y l b i p h e n y l 
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f o u n d i n t h e l i t e r a t u r e , had a b s o r b a n c e b a n d s a t t h e f o l l o w i n g w a v e 
6 1 
C. E. C a s t r o , L. T . A n d r e w s , and R. M. K e e f e r , J . Amer. Chem. 
S o c , 8 0 , 2 3 2 2 ( 1 9 5 8 ) . 
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" U l t r a v i o l e t S p e c t r a l D a t a . " A m e r i c a n P e t r o l e u m I n s t i t u t e 
R e s e a r c h P r o j e c t 4 4 , s e r i a l n o . 7 2 3 . 
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" I n f r a r e d S p e c t r a l D a t a . " A m e r i c a n P e t r o l e u m I n s t i t u t e R e s e a r c h 
P r o j e c t 4 4 , s e r i a l n o . 2 4 3 4 . 
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numbers (cm ) : 3 7 5 0 ( w ) , 3 0 3 0 ( s ) , 2 9 6 0 ( s ) , 2 9 2 0 ( s ) , 2 8 7 0 ( s ) , 2 7 3 0 
( m ) , 2 3 8 0 ( w ) , 2 2 4 0 ( w ) , 1 9 3 0 ( b r o a d w ) , 1 9 0 0 ( b r o a d w ) , 1 8 6 0 ( w ) , 
1 8 4 0 ( w ) , 1 7 7 5 ( m ) , 1 7 4 0 ( m ) , 1 7 3 0 ( in ) , 1 6 9 5 ( w ) , 1 6 6 0 ( w ) , 1 6 3 0 ( s ) , 
1 5 6 0 ( w ) , 1 5 3 0 ( w ) , 1 4 7 5 ( s ) , 1 4 6 0 ( s ) , 1 4 1 0 ( s h o u l d e r ) , 1 3 8 5 ( m ) , 
1 3 2 5 ( w ) , 1 2 7 0 ( s ) , 1 2 0 0 ( w ) , 1 1 7 5 ( w ) , 1 1 1 5 ( m ) , 1 0 5 0 ( s ) , 1 0 2 5 ( s h o u l ­
d e r ) , 9 6 0 ( m ) , 9 2 0 ( s ) , 890 ( m ) , 8 6 5 ( s h o u l d e r ) , 8 5 0 ( s ) , 8 0 0 ( s ) , 775 
( s h o u l d e r ) , 7 4 5 ( s ) , and 705 ( s ) . The m a s s s p e c t r u m o f t h e d e h y d r o g e n -
a t e d d i m e r h a d t h e f o l l o w i n g f r a g m e n t a t i o n p a t t e r n , m / e ( r e l a t i v e %): 
39 ( 2 ) , 5 1 ( 2 ) , 5 3 ( 1 ) , 63 ( 2 ) , 65 ( 1 ) , 76 ( 2 ) , 77 ( 3 ) , 78 ( 1 ) , 82 ( 1 ) , 
83 ( 1 ) , 89 ( 6 ) , 9 0 ( 7 ) , 9 1 ( 2 ) , 96 ( 2 ) , 97 ( 3 ) , 1 0 2 ( 1 ) , 1 0 3 ( 3 ) , 1 0 4 
( 3 ) , 105 ( 5 ) , 1 1 5 ( 3 ) , 127 ( 1 ) , 1 2 8 ( 3 ) , 129 ( 1 ) , 139 ( 1 ) , 1 4 1 ( 2 ) , 
1 5 1 . ( 1 ) , 152 ( 5 ) , 1 5 3 ( 2 ) , 1 5 5 ( 1 ) , 1 6 5 ( 1 3 ) , 1 6 6 ( 3 ) , 167 ( 2 ) , 1 7 6 ( 1 ) , 
177 ( 1 ) , 1 7 8 ( 1 2 ) , 179 ( 1 4 ) , 1 8 0 ( 1 3 ) , 1 8 1 ( 3 ) , 1 8 9 ( 2 ) , 1 9 1 ( 2 ) , 1 9 2 ( 2 ) , 
1 9 3 ( 4 ) , 194 ( 5 ) , 1 9 5 ( 1 8 ) , 1 9 6 ( 5 ) , 209 ( 1 1 ) , 2 1 0 ( 1 0 0 ) M + , 2 1 1 ( 1 8 ) , 
and 2 1 2 . ( 1 . 8 ) . The d u p l i c a t e C, H a n a l y s i s o f t h e compound g a v e 9 1 . 2 6 % C, 
8 .65% H and 9 1 . 3 1 % C, 8 .63% H w h i c h a g r e e w i t h t h e c a l c u l a t e d c o m p o s i t i o n 
o f 91 .37% C and 8 .63% H f o r 3 , 3 1 , 5 , 5 ' - t e t r a m e t h y 1 - 1 , 1 1 ^ ^ ' - t e t r a h y d r o ­
b i p h e n y l . 
The r e d u c t i o n p r o d u c t o f m - x y l e n e , 2 , 5 - d i h y d r o - m - x y l e n e ( 3 0 m g ) , 
w a s i s o l a t e d f rom t h e r e a c t i o n m i x t u r e b y p r e p a r a t i v e g a s c h r o m a t o g r a p h y 
( 6 ' x 1 / 4 " Carbowax c o l u m n a t 8 0 ° C ) . The 1 H NMR s p e c t r u m (CDC1 3 ) had 
a b s o r b a n c e a t 6 . 1 . 7 0 ( 6 . 0 H, s , m e t h y l ) , 2 . 5 7 ( 4 . 0 H, c o m p l e x m, a l l y l ) , 
and 5 . 6 0 ( 2 . 0 H, b r o a d s , v i n y l ) . The UV s p e c t r u m (95% EtOH) s h o w s 
e s s e n t i a l l y n o a b s o r b a n c e a t 2 6 6 0 A ( e - 5 . 4 ) w h i c h i s a s e x p e c t e d f o r 
an u n c o n j u g a t e d d i e n e . The m a s s s p e c t r u m o f t h i s compound h a d t h e 
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f o l l o w i n g f ragmenta t ion p a t t e r n , m/e r e l a t i v e %): 37 ( 1 ) , 38 ( 4 ) , 
39 ( 2 7 ) , 40 ( 5 ) , 41 ( 1 5 ) , 42 ( 8 ) , 43 ( 3 ) , 44 ( 5 ) , 45 ( 1 ) , 50 ( 6 ) , 
51 ( 1 6 ) , 52 ( 7 ) , 53 ( 9 ) , 54 ( 1 ) , 55 ( 2 ) , 56 ( 1 ) , 57 ( 1 ) , 61 ( 1 ) , 62 ( 3 ) , 
63 ( 7 ) , 64 ( 2 ) , 65 ( 1 5 ) , 66 ( 3 ) , 67 ( 4 ) , 71 ( 3 ) , 72 ( 2 ) , 74 ( 2 ) , 75 ( 1 ) , 
76 ( 1 ) , 77 ( 5 5 ) , 78 ( 1 0 ) , 79 ( 1 5 ) , 80 ( 2 ) , 89 ( 3 ) , 91 ( 9 2 ) , 92 ( 1 1 ) , 
93 ( 1 0 0 ) , 94 ( 9 ) , 102 ( 1 ) , 103 ( 3 ) , 104 ( 2 ) , 105 ( 1 5 ) , 106 ( 2 0 ) , 
107 ( 1 0 ) , 108 (57) M + , 109 ( 6 ) , and 110 ( 0 . 5 ) . 
R e a c t i o n of Cs-K-Na A l l o y w i t h m-Xylene i n t h e 
P r e s e n c e of 18-Crown-6 
In r e a c t i o n IV-147 , t h e premade Cs-K-Na a l l o y ( 5 2 . 9 mg-atoms Cs 
6 1 . 3 mg-atoms K, 1 6 . 7 mg-atoms Na) i n a b l u e THF (350 ml) s o l u t i o n was 
c o o l e d t o -40°C w i t h v i g o r o u s s t i r r i n g . Once a t - 4 0 ° C , 3 .1007 g ( 1 1 . 7 3 
mmol) of c r y s t a l l i n e 18-Crown-6 was added t o t h e f l a s k . Upon t h i s a d d i ­
t i o n , t h e c o l o r of t h e b l u e s o l u t i o n i n t e n s i f i e d and t h e s o l u t i o n v i s ­
c o s i t y i n c r e a s e d . A f t e r 30 m i n u t e s , 1 .2386 g (11 .67 mmol) of m-xy lene 
i n 5 ml of THF was s y r i n g e d i n t o t h e f l a s k . No c o l o r change was observed 
on a d d i t i o n of t h e m - x y l e n e . The r e a c t i o n mixture was s t i r r e d f o r 
t h r e e hours a t - 4 0 ° C . The r e a c t i o n mixture was then j e t t e d i n t o a 250 
ml mix ture of l i q u i d and s o l i d deuterium o x i d e ( p r o t e c t e d from t h e 
atmospher ic water by a rubber septum) . The products were immediate ly 
worked-up u s i n g s tandard t e c h n i q u e s . By gc a n a l y s i s on a Carbowax column 
(IV, 170°C) , the f o l l o w i n g produc t s (mmol; mole % y i e l d based on m-xylene 
as l i m i t i n g r e a g e n t ; gc r e t e n t i o n t ime) were observed: 2 , 5 - d i h y d r o - m -
x y l e n e ( 7 . 4 1 mmol; 6 3 . 6 mole %; 9 m i n . ) and m-xylene ( 3 . 9 0 mmol; 3 3 . 4 
6 7 
m o l e %; 1 1 . 7 m i n . ) . F o l l o w i n g g c a n a l y s i s 1 3 7 mg o f t h e 2 , 5 - d i h y d r o - m -
x y l e n e w a s i s o l a t e d b y p r e p a r a t i v e g a s c h r o m a t o g r a p h y a s i n t h e p r e v i o u s 
r e a c t i o n . T h e "Si NMR ( C D C 1 3 ) h a d a b s o r b a n c e a t 6 1 . 6 7 ( 6 . 0 H , s , m e t h y l ) , 
2 . 4 8 ( 2 . 9 H , c o m p l e x m , a l l y l ) , a n d 5 . 4 0 ( 2 . 0 H , s , v i n y l ) . T h u s , t h e 
"^H NMR i n d i c a t e s t h a t t h i s c o m p o u n d i s m o n o d e u t e r a t e d s i n c e t h e a l l y l i c 
r e g i o n s h o u l d h a v e 4 . 0 H i f c o m p l e t e l y p r o t o r i a t e d . T h e m a s s s p e c t r u m 
c o n f i r m s t h e "̂ "H NMR e v i d e n c e o f m o n o d e u t e r a t i o n s i n c e t h e m a j o r f r a g ­
m e n t a t i o n p e a k s w e r e a t m / e 7 8 ( 4 7 % ) , 9 2 ( 6 0 % ) , 9 4 ( 1 0 0 % ) a n d 1 0 9 ( 6 1 % ) 
M + i n s t e a d o f 7 7 ( 5 5 % ) , 9 1 ( 9 2 % ) , 9 3 ( 1 0 0 % ) a n d 1 0 8 ( 5 7 % ) M + a s i n 
1 3 
2 , 5 - d i h y d r o - m - x y l e n e . C NMR, w h i c h i s s h o w n i n F i g u r e 6 , i n d i c a t e s 
a f t e r c a r e f u l a n a l y s i s t h a t t h e s a m p l e i s a m i x t u r e o f l , 5 - d i m e t h y l - l , 4 -
c y c l o h e x a d i e n e - 6 d . a n d 1 , 5 - d i m e t h y l - 1 , 4 - c y c l o h e x a d i e n e - 3 i d . 
I n r e a c t i o n I V - 1 5 7 , C s - K - N a a l l o y ( 1 0 8 m g - a t o m s C s , 1 2 5 m g - a t o m s K , 
3 4 m g - a t o m s N a ) i n a b l u e THF ( 3 5 0 m l ) s o l u t i o n w a s c o o l e d t o - 2 0 ° C 
w i t h v i g o r o u s s t i r r i n g . A t t h i s t e m p e r a t u r e , 1 2 . 3 8 2 6 g ( 4 6 . 8 5 m m o l ) 
o f 1 8 0 c r o w n - 6 i n 2 0 m l o f THF w a s a d d e d t o t h e f l a s k . U p o n a d d i t i o n o f 
t h e 1 8 - c r o w n - 6 , t h e s o l u t i o n c o l o r d a r k e n e d t o a d a r k b l u e - i n k c o l o r a n d 
a l l v i s i b l e s i g n s o f t h e p o w d e r - l i k e a l l o y d i s p e r s i o n w e r e l o s t . T h e 
f l a s k w a s t h e n c o o l e d t o - 4 2 ° C a n d 2 . 5 1 7 6 g ( 2 3 . 7 2 m m o l ) o f m - x y l e n e i n 
t e n m l o f THF w a s s y r i n g e d i n t o t h e f l a s k . T h e r e w a s n o c o l o r c h a n g e . 
T h e r e a c t i o n m i x t u r e w a s s t i r r e d f o r f o u r h o u r s a t - 4 2 ° C a n d t h e n s i p h o n e d 
o n t o c r u s h e d D r y I c e . ( D r y I c e w a s a l s o a d d e d t o t h e f l a s k t o c a r b o n a t e 
r e s i d u a l m a t e r i a l . ) A f t e r s t a n d a r d w o r k u p p r o c e d u r e s , 3 . 4 5 6 0 g o f c r u d e 
a c i d i c m a t e r i a l w a s i s o l a t e d . Q u a n t i t a t i v e g c a n a l y s i s o n a S E - 3 0 c o l u m n 
( V , 1 3 0 ° C ) o f t h e m e t h y l e s t e r s o f t h e a c i d i c p r o d u c t s ( m m o l , m o l e % 
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(A) = 3 . 9 = 6 . 6 = 1 
(B) 1 4 . 6 2 4 . 6 3 . 7 4 
F igure 6 . CNMR Spec tra (CDC1») of a Mixture of 1 , 5 - D i m e t h y l -
1 , 4 - c y c l o h e x a d i e n e - 6 a (A) and 1 , 5 - D i m e t h y l - l , 4 -
c y c l o h e x a d i e n e - 3 d (B) w i t h Sugges ted Ass ignments 
of t h e Absorpt ion Peaks . 
6 9 
y i e l d b a s e d o n m - x y l e n e a s l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e ) g a v e 
t h e f o l l o w i n g p r o d u c t s : u n k n o w n a c i d ( 0 . 3 2 m m o l , 1 . 4 m o l e %, 1 . 9 
m i n . ) , 2 . 6 - d i m e t h y l b e n z o i c a c i d ( 3 . 8 9 m m o l , 16.4 m o l e %, 2 . 5 m i n . ) , 
u n k n o w n a c i d ( 1 4 . 9 3 m m o l , * 6 2 . 9 m o l e %, 3 . 2 m i n . ) , a n d 3 , 5 - d i m e t h y l -
b e n z o i c a c i d ( 0 . 0 9 m m o l , 0 . 4 m o l e %, 4 . 1 m i n . ) . T h e 1 H NMR ( C C l ^ ) 
s p e c t r u m o f t h e s e a c i d s h a d a b s o r b a n c e a t 6 1 . 7 0 ( 5 . 8 H , s , v i n y l m e t h y l ) , 
2 . 5 0 ( 4 . 2 H , c o m p l e x m , a l l y l a n d a r o m a t i c m e t h y l ) , 3 . 5 2 ( 1 . 0 , s , 
p r o t o n a l p h a t o a c a r b o x y l g r o u p ) , 5 . 3 3 ( 2 . 0 , b r o a d s , v i n y l ) , 7 . 0 8 
( 0 . 8 H , b r o a d s , a r o m a t i c ) a n d 12 . 02 ( 1 . 2 H , s , C 0 2 H ) . N o t e t h a t t h e 
"^H NMR ( C C l ^ ) s p e c t r u m o f 2 , 6 - d i m e t h y l b e n z o i c a c i d h a d a b s o r b a n c e a t 
6 2.47 (6.0 H , s , m e t h y l ) , 7.06 (3.0 H , m , a r o m a t i c ) , a n d 1 2 . 2 0 ( 1 . 0 H , 
s , a c i d ) . T h u s t h e r a t i o o f 2 , 6 - d i m e t h y l b e n z o i c a c i d t o d i h y d r o d i m e t h y l -
b e n z o i c a c i d b a s e d o n "*"H NMR i n t e g r a t i o n o f a r o m a t i c a n d v i n y l r e g i o n s 
i s 1 : 3 . 7 5 . T h i s r a t i o f r o m t h e g c d a t a ( i . e . , d i m e t h y l b e n z o i c a c i d s t o 
u n k n o w n s ) i s 1 : 3 . 8 3 . 
T h e s o u r c e o f t h e a r o m a t i c a c i d s i s d e h y d r o g e n a t i o n o f t h e r e a c ­
t i o n p r o d u c t s d u r i n g w o r k - u p . A s a m p l e o f t h e r e a c t i o n m i x t u r e w a s 
a l l o w e d t o s t a n d o v e r n i g h t o n a c o n c e n t r a t e d KOH s o l u t i o n , r e d u c e d t o 
d r y n e s s o n a r o t a t i n g e v a p o r a t o r ( 1 0 0 ° C , 3 h o u r s ) , a c i d i f i e d w i t h c o n ­
c e n t r a t e d H C 1 , e x t r a c t e d w i t h d i e t h y l e t h e r , a n d t h e n d r i e d o v e r M g S O ^ . 
G c a n a l y s i s o f t h i s s a m p l e ( i . e . , m e t h y l e s t e r s ) o n a S E - 3 0 c o l u m n 
( V , 1 3 0 ° C ) g a v e t h e f o l l o w i n g p r o d u c t s ( r e l . a r e a %, g c r e t e n t i o n t i m e ) : 
u n k n o w n a c i d ( 0 . 3 r e l . a r e a %, 2 . 0 m i n . ) , 2 , 6 - d i m e t h y l b e n z o i c a c i d ( 1 6 . 3 
G c r e s p o n s e f a c t o r s f o r t h e s e u n k n o w n a c i d s ( i . e . , d i h y d r o -
d i m e t h y l b e n z o i c a c i d s ) w e r e a s s u m e d t o b e t h e s a m e a s t h e d i m e t h y l ­
b e n z o i c a c i d s . 
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r e l . area %, 2 . 5 m i n . ) , unknown a c i d ( 5 3 . 6 r e l . a r e a %, 3 . 4 m i n . ) , and 
3 , 5 - d i m e t h y l b e n z o i c a c i d ( 2 9 . 8 r e l . area %, 4 . 1 m i n . ) . This c o n t r a s t s 
s h a r p l y w i t h the sample c o m p o s i t i o n b e f o r e r e p e a t i n g the s tandard ac id 
i s o l a t i o n procedure which was: unknown a c i d ( 1 . 7 r e l . area %, 2 . 0 m i n . ) , 
2 , 6 - d i m e t h y l b e n z o i c a c i d ( 2 0 . 2 r e l . area %, 2 . 5 m i n . ) , unknown a c i d 
( 7 7 . 6 r e l . area %, 3 . 4 m i n . ) , and 3 , 5 - d i m e t h y l b e n z o i c a c i d ( 0 . 5 r e l . 
area %, 4 . 1 m i n . ) . 
A 0 .149 g sample of t h e r e a c t i o n a c i d s was dehydrogenated by heat ing 
i t o v e r n i g h t a t 100°C w i t h 0 .243 g of 5% of Pd/C. The dehydrogenated 
a c i d s were then vacuum subl imed (100°C, 0 . 3 mm Hg) from the c h a r c o a l . 
The w e i g h t of i s o l a t e d a c i d s was 0 . 0 3 2 g ( 2 9 . 2 wt . % y i e l d ) . The 1 H NMR 
(CCl^) spectrum of t h i s m a t e r i a l had absorbance at 6 2 . 3 8 ( 6 . 0 H, s , 
aromat ic m e t h y l ) , 7 .20 ( 1 . 0 H, s , a r o m a t i c ) , 7 . 7 5 ( 1 . 9 H, s , a r o m a t i c ) , 
and 11 .17 ( 1 . 0 H, s , a c i d i c ) . Th i s spectrum i n d i c a t e s t h a t t h e major 
dehydrogenat ion product i s 3 , 5 - d i m e t h y l b e n z o i c a c i d , which has a "̂H NMR 
(CCl^) spectrum w i t h absorbance a t 6 2 .37 ( 6 . 0 H, s , aromat ic m e t h y l ) , 
7 . 2 0 ( 1 . 0 H, s , a r o m a t i c ) , 7 . 7 8 ( 2 . 0 H, s , a r o m a t i c ) , and 1 1 . 1 0 ( 1 . 0 H, 
s , a c i d i c ) . The f o l l o w i n g product s ( r e l a t i v e area %, gc r e t e n t i o n t i m e ) 
were observed by gc a n a l y s i s of t h e methyl e s t e r s of t h e s e dehydro­
genated a c i d s on a SE-30 column (V, 130°C): unknown ( 1 . 8 r e l . area %, 
2 . 0 m i n . ) , 2 , 6 - d i m e t h y l b e n z o i c a c i d ( 1 0 . 8 r e l . area %, 3 . 0 m i n . ) , and 
3 , 5 - d i m e t h y l b e n z o i c a c i d ( 8 7 . 4 r e l . a r e a %, 4 . 3 m i n . ) . 
Another sample of the r e a c t i o n a c i d s ( 0 . 1 0 5 4 g) was dehydrogen­
a t e d by o x i d a t i o n w i t h DDQ ( 0 . 1 9 0 9 g) i n r e f l u x i n g benzene (25 ml) f o r 
t h r e e h o u r s . The e x c e s s DDQ was consumed by t h e a d d i t i o n of 2 ml of 
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1 , 4 - d i h y d r o b e n z e n e . The mixture was f i l t e r e d and a smal l amount o f t h e 
f i l t r a t e was s e p a r a t e d f o r gc a n a l y s i s . The f o l l o w i n g products ( r e l a t i v e 
a r e a %, gc r e t e n t i o n t ime) were observed by gc a n a l y s i s of t h e methyl 
e s t e r s of t h e s e dehydrogenated a c i d s on a SE-30 column (V, 130°C): 
unknown a c i d ( 1 . 5 r e l . area %, 2 . 0 m i n . ) , 2 . 6 - d i m e t h y l b e n z o i c a c i d 
( 1 4 . 5 r e l . area %, 2 . 9 m i n . ) , unknown a c i d ( 1 3 . 8 r e l . area %, 3 . 4 m i n . ) , 
and 3 , 5 - d i m e t h y l b e n z o i c ac id ( 7 0 . 2 r e l . area %, 4 . 1 m i n . ) . The f i l t r a t e 
was then e x t r a c t e d t h r e e t i m e s w i t h aqueous sodium b i c a r b o n a t e . The 
aqueous f r a c t i o n was a c i d i f i e d w i t h c o n c e n t r a t e d HC1 and e x t r a c t e d w i t h 
t h r e e p o r t i o n s of d i e t h y l e t h e r . The e t h e r f r a c t i o n was dr i ed over MgSO^, 
f i l t e r e d , and the e t h e r d i s t i l l e d o f f a t a tmospher ic p r e s s u r e through a 
one f o o t long v i g r e u x column. Thus 0 .0607 g ( 7 8 . 3 w t . % y i e l d ) of s o l i d 
a c i d s (mp 159-162°C; 3 , 5 - d i m e t h y l b e n z o i c a c i d mp 170°C; 2 , 6 - d i m e t h y l b e n ­
z o i c a c i d mp 125°C) were i s o l a t e d . A f t e r many c o n c e n t r a t i o n s o f t h e "4? 
NMR s o l u t i o n t o e l i m i n a t e a d i e t h y l e t h e r i m p u r i t y , the v o l a t i l e dehydro 
a c i d s were l o s t . Thus the f o l l o w i n g "SI NMR r e s u l t s should be i n t e r -
1 
r e t e d on a q u a l i t a t i v e b a s i s . The H NMR (CDCl^) spectrum of t h e s e a r o ­
m a t i c a c i d s had absorbance at 6 2 . 3 8 ( 6 . 0 H, s , aromat ic methy l of 
3 , 5 - d i m e t h y l b e n z o i c a c i d ) , 2 . 4 3 ( 4 . 0 H, s , aromat ic methyl of 2 , 6 - d i m e t h y l ­
b e n z o i c a c i d , 7 .16 ( 2 . 0 H, broad s , aromat ic p r o t o n s of 2 , 6 - d i m e t h y l ­
b e n z o i c a c i d ) , 7 . 2 6 ( 1 . 0 H, s , aromat ic p - p r o t o n s o f 3 , 5 - d i m e t h y l b e n z o i c 
a c i d ) , .7.7.8 ( 2 . 0 H, s , aromat ic o - p r o t o n s of 3 , 5 - d i m e t h y l b e n z o i c a c i d ) , 
13 
and 10 .87 ( 1 . 6 H, s , a c i d i c ) . The "C NMR (CDC1 3) spectrum of t h i s 
mixture had absorbance a t 6 177 .458 ( 6 . 0 h t %, s , carbonyl C of 
2 , 6 - d i m e t h y l b e n z o i c a c i d ) , 171 .876 ( 4 . 8 h t %, s , carbonyl C of 
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3 , 5 - d i m e t h y l b e n z o i c a c i d ) , 1 3 7 . 4 8 0 ( 9 . 6 h t %, s ) , 134 .869 ( 6 . 3 h t % ) , * 
129 .528 ( 5 . 9 h t % ) , * 127 .285 ( 1 2 . 0 ht % ) , * 1 2 5 . 7 1 0 ( 5 . 2 h t % ) , * 2 1 . 3 0 0 
( 3 . 6 h t %, q, methyl C of 3 , 5 - d i m e t h y l b e n z o i c a c i d ) , and 20 .992 ( 3 . 8 
h t %, q, methyl C of 2 , 6 - d i m e t h y l b e n z o i c a c i d . . 
R e a c t i o n of Biphenyl w i t h Cs-K A l l o y at 27°C; A n a l y s i s 
of Cs-K A l l o y f o r t h e R e a c t i n g A l k a l i Meta l 
In r e a c t i o n I I I - 1 0 1 , a n a l y s i s of a sample of Cs-K a l l o y ( 0 . 2 9 3 0 ± 
0 .0002 g Cs-K; 2 . 9 6 4 ± 0 . 0 0 1 mmol MOH) gave an a l l o y c o m p o s i t i o n of 
6 3 . 7 ± 0 . 1 atom % Cs and 3 6 . 3 ± 0 . 1 atom % K. The Cs-K a l l o y ( 4 2 . 1 3 
m g - a t o m Cs; 2 3 . 9 3 m g - a t o m K) i n a b l u e THF (350 ml) s o l u t i o n was v i g o r ­
o u s l y s t i r r e d a t 27°C for 20 m i n u t e s . Then 1 .4156 g ( 9 . 1 8 mmol) o f 
b i p h e n y l i n 10 ml of THF was s y r i n g e d i n t o t h e f l a s k . There was an imme­
d i a t e c o l o r change from b l u e t o green t o f i n a l l y b l a c k . A f t e r 133 min­
u t e s , a second a l l o y sample ( 0 . 8 8 8 3 ± 0 . 0 0 0 2 g Cs-K; 9 .979 ± 0 . 0 0 1 mmol 
MOH) was found t o have t h e c o m p o s i t i o n 5 3 . 2 ± 0 . 1 atom % Cs and 4 6 . 8 ± 
0 . 1 atom % K. T w e n t y - f i v e minutes l a t e r t h e r e a c t i o n mixture was s l o w l y 
j e t t e d i n t o 500 ml of i c e w a t e r . A f t e r s tandard work-up and gc a n a l y s i s 
on a Carbowax 20-M column (IV, 130°C) t h e f o l l o w i n g p r o d u c t s (mmol, 
mole % based on b i p h e n y l a s l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were 
observed: p h e n y l c y c l o h e x a n e ( 0 . 0 4 mmol, 0 . 4 mole %, 8 .6 m i n . ) , 3 - p h e n y l -
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c y c l o h e x e n e ( 0 . 7 1 mmol, 8 . 2 mole %, 1 0 . 1 m i n . ) , 1 , 4 - d i h y d r o b i p h e n y l 
The o f f r e sonance m u l t i p l i c i t y of t h e s e peaks i s u n i n t e l l i g i b l e 
s i n c e they e x t e n s i v e l y o v e r l a p each o t h e r . 
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Reference 4 , p . 112 . These compounds were assumed t o have t h e 
same molar r e s p o n s e v a l u e a s d i c y c l o h e x y l , p h e n y l c y c l o h e x a n e , 
l - p h e n y l c y c l b h e x e n e , 1 , 4 - d i h y d r o b i p h e n y l , and b i p h e n y l . 
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( 4 . 6 1 mmol, 5 2 . 8 mole %, 1 4 . 3 m i n . ) , 1 - p h e n y l c y c l o h e x e n e ( 0 . 3 9 mmol, 
4 . 5 mole %, 17 .7 m i n . ) , 3 , 4 - d i h y d r o b i p h e n y l 6 4 ( 0 . 5 9 mmol, 6 .7 mole % 
22 .3 m i n . ) , and b i p h e n y l ( 1 . 9 8 mmol, 2 2 . 6 mole %, 3 1 . 8 m i n . ) . On t h e 
same b a s i s , gc a n a l y s i s on a FFAP column (VI, 70 P C) gave t h e f o l l o w i n g 
c l e a v a g e p r o d u c t s : c y c l o h e x e n e ( 0 . 2 5 mmol, 1 .4 mole %, 3 . 9 m i n . ) and 
benzene ( 0 . 5 8 mmol, 3 . 2 mole %, 7 .5 m i n . ) . 
In r e a c t i o n I I I - 1 1 5 , a n a l y s i s of a sample of t h e Cs-K a l l o y 
(0 .3894 ± 0 .0002 g of Cs-K; 4 . 0 9 8 ± 0 . 0 1 0 mmol MOH) gave an a l l o y com­
p o s i t i o n of 5 9 . 6 ± 0 . 1 atom % Cs and 4 0 . 4 ± 0 . 1 atom % K b e f o r e t h e 
a d d i t i o n of b i p h e n y l . The Cs-K a l l o y ( 4 6 . 5 3 mg-atom Cs; 3 1 . 5 2 rag-atom K) 
i n a b l u e THF (350 ml) s o l u t i o n was v i g o r o u s l y s t i r r e d f o r 20 minutes a t 
27°C. At t h i s temperature , 1 .0846 g ( 7 . 0 3 mmol) of b i p h e n y l i n t e n ml 
of THF was s y r i n g e d i n t o t h e f l a s k . The r e a c t i o n mix ture c o l o r r a p i d l y 
turned green and then brown-black . A f t e r two h o u r s , a second a l l o y 
sample ( 0 . 6 4 9 2 ± 0 .0002 g of Cs-K; 7 . 2 5 8 ± 0 . 0 1 0 mmol MOH) was ana lyzed 
and found t o have a compos i t i on of 53 .7 ± 0 . 1 atom % Cs and 4 6 . 3 ± 0 . 1 
atom % K. F i f t e e n minutes l a t e r , t h e r e a c t i o n mixture was c a r e f u l l y 
s iphoned i n t o 300 ml of i c e w a t e r . A f t e r s tandard work-up and gc a n a l y s i s 
on a Carbowax 20-M column (IV, 130° ) t h e f o l l o w i n g product s (mmol, mole % 
y i e l d based on b i p h e n y l a s l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were 
observed: p h e n y l c y c l o h e x a n e ( 0 . 0 5 mmol, 0 .7 mole %, 8 . 0 m i n . ) , 3 - p h e n y l -
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c y c l o h e x e n e ( 0 . 4 8 mmol, 6 . 8 mole %, 9 . 6 m i n . ) , 1 , 4 - d i h y d r o b i p h e n y l 
( 3 . 8 4 mmol, 5 4 . 6 mole %, 1 2 . 7 m i n . ) , 1 - p h e n y l c y c l o h e x e n e ( 0 . 2 1 mmol, 3 . 0 
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mole %, 1 5 . 8 m i n . ) , 3 , 4 - d i h y d r o b i p h e n y l ( 0 . 5 6 mmol, 8 . 0 mole %, 1 9 . 5 
m i n . ) , and b i p h e n y l ( 1 . 1 5 mmol, 1 6 . 4 mole %, 2 7 . 3 m i n . ) . On t h e same 
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b a s i s , g c a n a l y s i s f o r c l e a v a g e p r o d u c t s o n a FFAP co lumn ( V I I , 5 0 ° C ) 
g a v e b e n z e n e ( 0 . 2 0 mmol, 1 . 4 m o l e /£, 8 . 2 m i n . ) . ( N o t e , t h e h i g h l y 
r e d u c e d r e s i d u a l m a t e r i a l w h i c h w a s e x t r a c t e d f rom t h e f l a s k w a l l s 
a c c o u n t e d f o r 2 . 8 m o l e % o f t o t a l p r o d u c t s , i n c l u d i n g t h o s e 
b i p h e n y l d e r i v a t i v e s i d e n t i f i e d i n t h e m a i n q u e n c h , s e v e n u n i d e n t i f i e d 
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h i g h l y r e d u c e d c o m p o u n d s , and d i c y c l o h e x y l , s e e r e a c t i o n I V - 1 9 . ) 
I n r e a c t i o n I V - 1 9 , a n a l y s i s o f a s a m p l e o f Cs-K a l l o y ( 0 . 8 1 1 9 ± 
0 .0002 g o f Cs-K; 3 . 4 7 7 ± 0 . 0 1 0 mmol o f MOH) g a v e a n a l l o y c o m p o s i t i o n 
o f 7 7 . 4 ± 0 . 1 a tom % Cs and 2 2 . 6 ± 0 . 1 a t o m % K b e f o r e t h e a d d i t i o n o f 
b i p h e n y l . The Cs-K a l l o y ( 5 5 . 1 2 mg-a tom C s ; 1 6 . 0 8 mg-a tom K) i n a b l u e 
THF ( 2 5 0 m l ) s o l u t i o n was s t i r r e d v i g o r o u s l y f o r 3 0 m i n u t e s a t 2 4 ° C . 
At t h i s t e m p e r a t u r e , 2 . 7 6 3 4 g ( 1 7 . 9 2 mmol) o f b i p h e n y l i n 10 m l o f THF 
w a s s y r i n g e d i n t o t h e f l a s k . The f l a s k c o l o r c h a n g e d i m m e d i a t e l y f rom 
b l u e t o g r e e n and t h e n t o b l a c k . The r e a c t i o n m i x t u r e was s t i r r e d f o r 
s i x h o u r s a t 2 4 ° C . At t h i s t i m e , a n a l y s i s o f a s e c o n d s a m p l e o f Cs-K 
a l l o y ( 0 . 3 0 4 9 ± 0 . 0 0 0 2 g o f Cs-K; 3 . 4 7 7 ± 0 . 0 1 0 mmol MOH) g a v e a n a l l o y 
c o m p o s i t i o n o f 5 1 . 8 ± 0 . 2 a tom % Cs and 4 8 . 2 ± 0 . 3 atom % K. A f t e r t h e 
s a m p l i n g o f t h e a l l o y , t h e f l a s k w a s a l l o w e d t o s t a n d f o r o n e h o u r . Thus 
a t s e v e n and o n e h a l f h o u r s a f t e r a d d i t i o n o f t h e b i p h e n y l t h e f l a s k ' s 
c o n t e n t s w h i c h had n o t s e t t l e d o u t w e r e c a r e f u l l y j e t t e d i n t o 5 0 0 ml o f 
i c e w a t e r . A f t e r s t a n d a r d w o r k - u p and g c a n a l y s i s on a Carbowax 20-M 
c o l u m n ( I V , 1 3 0 ° C ) t h e f o l l o w i n g p r o d u c t s (mmol, m o l e % y i e l d b a s e d o n 
b i p h e n y l a s t h e l i m i t i n g r e a g e n t , g c r e t e n t i o n t i m e ) w e r e o b s e r v e d : 
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3 - p h e n y l c y c l o h e x e n e ( 0 . 9 7 mmol, 5 . 4 m o l e %, 7 . 8 m i n . ) , 1 , 4 - d i h y d r o ­
b i p h e n y l ( 6 . 4 1 mmol; 3 5 . 8 m o l e %, 1 0 . 7 m i n . ) , 1 - p h e n y l c y c l o h e x e n e ( 0 . 5 9 
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mmol, 3 . 3 m o l e %, 1 3 . 2 m i n . ) , 3 , 4 - d i h y d r o b i p h e n y l ( 0 . 5 6 mmol , 3 . 1 m o l e 
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%, 1 6 . 3 m i n . ) , and b i p h e n y l ( 2 . 6 9 mmol), 1 5 . 0 mole %, 2 2 . 5 m i n . ) . No 
pheny lcyc lohexane was o b s e r v e d . A n a l y s i s on a FFAP column (VI , 70°C) 
i n d i c a t e d t h a t no c l e a v a g e of b i p h e n y l t b benzene d e r i v a t i v e s occurred 
under t h e s e mi ld quenching c o n d i t i o n s . Thus the o b j e c t i v e of e l i m i n a t i n g 
o v e r r e d u c t i o n during t h e quench was a c h i e v e d i n t h i s r e a c t i o n by a l l o w i n g 
the a l l o y to c o m p l e t e l y s e t t l e out of the r e a c t i o n mix ture and then u s i n g 
a 12 gauge s t a i n l e s s s t e e l canula t o j e t t h e r e a c t i o n mix ture i n t o t h e i c e 
w a t e r . On the same b a s i s , gc a n a l y s i s of t h e h i g h l y reduced m a t e r i a l which 
was washed out of t h e r e a c t i o n f l a s k accounted f o r 2 9 . 0 mole % of b i p h e n y l 
d e r i v a t i v e s and 2 .7 mole % of benzene d e r i v a t i v e s . Thus t h e f l a s k r i n s e 
c o n t a i n e d t h e f o l l o w i n g b i p h e n y l d e r i v a t i v e s : unknown 6^ ( 0 . 1 7 mmol, 1 .0 
mole %, 3 . 7 m i n . ) , unknown 6 4 ( 0 . 0 7 mmol, 0 . 4 mole %, 4 . 4 m i n . ) , unknown 6 4 
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( 0 . 0 6 mmol, 0 . 3 mole %, 4 . 9 m i n . ) , unknown ( 0 . 0 6 mmol, 0 . 3 mole %, 5 . 4 
64 64 m i n . ) , unknown ( 0 . 1 9 mmol, 1 . 1 mole %, 6 . 1 rain.), unknown ( 0 . 2 5 mmol, 
1 . 4 mole %, 6 . 9 m i n . ) , p h e n y l c y c l o h e x a n e ( 0 . 2 2 mmol, 1 .2 mole %, 7 . 3 m i n . ) , 
3 - p h e n y l c y c l o h e x e n e 6 4 ( 0 . 8 2 mmol, 4 . 6 mole %, 8 . 0 m i n . ) , unknown 6 4 ( 0 . 2 7 
mmol, 1 .5 mole %, 9 . 2 m i n . ) , 1 , 4 - d i h y d r o b i p h e n y l ( 0 . 3 1 mmol, 1 .7 mole %, 
1 1 . 0 m i n . ) , 1 - p h e n y l c y c l o h e x e n e ( 0 . 5 3 mmol, 2 .9 mole %, 1 3 . 6 m i n . ) , 
3 , 4 - d i h y d r o b i p h e n y l 6 4 ( 0 . 3 6 mmol, 2 . 0 mole %, 1 6 . 8 m i n . ) , and b i p h e n y l 
( 1 . 3 0 mmol, 7 . 3 mole %, 2 3 . 2 m i n . ) . The f l a s k r i n s e a l s o c o n t a i n e d t h e 
f o l l o w i n g c l e a v a g e p r o d u c t s : c y c l o h e x e n e ( 0 . 7 4 mmol, 2 . 1 mole %, 4 . 1 m i n . ) 
and benzene ( 0 . 2 1 mmol, 0 . 6 mole %, 1 0 . 7 m i n . ) . 
R e a c t i o n of Diphenylmethane w i t h Cs-K-Na A l l o y a t -75°C 
In r e a c t i o n IV-135 , Cs-K-Na a l l o y ( 2 7 . 1 5 mg-atoms Cs; 3 1 . 4 3 mg-
atom K; 8 . 5 6 mg-atoms Na) i n a b l u e THF (250 ml) s o l u t i o n was c o o l e d to 
-75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 1 .2713 g ( 7 . 5 6 mmol) 
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of diphenylmethane i n 5 ml of THF was s y r i n g e d i n t o t h e r e a c t i o n 
f l a s k . The s o l u t i o n c o l o r changed from b l u e t o b l a c k a f t e r one minute . 
A f t e r two hours a t - 7 5 ° C , t h e s o l u t i o n c o l o r was dark green ( b l u e s o l u ­
t i o n and a y e l l o w p r e c i p i t a t e ) . At t h i s the r e a c t i o n m i x t u r e was 
c a r e f u l l y j e t t e d i n t o 300 ml of i c e w a t e r . Af t er s tandard work-up and 
gc a n a l y s i s on a Carbowax 20-M column (IV, 160°C) t h e f o l l o w i n g products 
(mmol, mole % y i e l d based on diphenylmethane as l i m i t i n g r e a g e n t , and 
gc r e t e n t i o n t ime) were observed: ^ I ^ 1 6 ( 0 . 0 5 mmol, 0 .7 mole %, 4 . 7 
m i n . ) , c i 3 ^ i 6 ( 0 . 1 4 mmol, 1 .8 mole %, 6 . 1 m i n . ) , 2 , 5 - d i h y d r o d i p h e n y l m e -
thane ( 1 . 8 9 mmol, 2 4 . 9 mole %, 7 . 3 m i n . ) , and diphenylmethane ( 5 . 1 2 
mmol, 6 7 . 7 mole %, 8 .9 m i n . ) . The sample was then c o n c e n t r a t e d by 
d i s t i l l i n g o f f t h e d i e t h y l e t h e r through a one f o o t v i g r e u x column 
g i v i n g a crude y i e l d of 1 .2317 g of a brown o i l . Part of t h i s o i l 
( 0 . 2 1 7 5 g) was o x i d i z e d o v e r n i g h t by e x c e e s DDQ ( 1 . 4 0 4 6 g) i n r e f l u x i n g 
benzene . The e x c e s s DDQ was consumed by t h e a d d i t i o n of 3 ml of 1 , 4 -
d ihydrobenzene . The mixture was f i l t e r e d and t h e f i l t r a t e was concen­
t r a t e d by s t r i p p i n g t h e benzene o f f through t h e one f o o t v i g r e u x column. 
Gc a n a l y s i s on t h e Carbowax 20-M column (IV, 160°C) showed o n l y d i p h e n y l ­
methane ( 8 . 9 m i n . ) and no f l o u r e n e i n t h i s dehydrogenated sample . The 
'''H NMR (CCl^) spectrum of t h e dehydrogenated product was i d e n t i c a l t o 
tha t of d iphenylmethane and has absorbance a t 6 3 . 8 3 ( 2 . 0 H, s , methy lene ) 
and 7 . 0 2 ( 1 0 . 3 H, s , a r o m a t i c ) . 
R e a c t i o n of 2,2^-Dipheny Ipropane w i t h Cs-K A l l o y a t - 2 5 ° C ; 
A n a l y s i s of t h e A l l o y f o r t h e Reac t ing A l k a l i Metal 
In r e a c t i o n 1 1 - 9 1 , a n a l y s i s of a sample of Cs-K a l l o y ( 0 . 3 7 1 8 ± 
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0.0002 g of Cs-K, 4 .156 ± 0 . 0 1 0 mmol. of MOH) gave an a l l o y c o m p o s i t i o n 
of 5 3 . 6 ± 0 . 1 atom % Cs and 4 6 . 4 ± 0 . 1 atom % K b e f o r e t h e a d d i t i o n of 
the 2 , 2 - d i p h e n y l p r o p a n e . The Cs-K a l l o y ( 3 7 . 1 4 mg-atom Cs; 32 .12 mg-
atoms K) i n t h e b l u e THF (250 ml) s o l u t i o n was c o o l e d t o - 3 4 ° C . At 
t h i s t emperature , 1 .5873 g ( 8 . 0 9 mmol) of 2 , 2 - d i p h e n y l p r o p a n e i n 10 ml 
of THF was s y r i n g e d i n t o the f l a s k . The f l a s k c o l o r i n s t a n t l y turned 
r e d . The r e a c t i o n mixture was s t i r r e d f o r t h r e e hours at - 2 5 ° C . At 
t h i s t ime a second Cs-K a l l o y sample ( 0 . 1 9 6 4 ± 0.0002 g o f Cs-K, 2 . 5 3 0 ± 
0 . 0 1 0 mmol of MOH) was ana lyzed and found t o have the c o m p o s i t i o n 4 1 . 1 ± 
0 . 1 atom % Cs and 5 8 . 9 ± 0 . 1 atom % K. The now brown-black c o l o r e d r e a c ­
t i o n mixture was then r a p i d l y s iphoned i n t o 250 ml of i c e w a t e r . A f t e r 
s tandard work-up and gc a n a l y s i s on a Carbowax 20-M column ( I I I , 180°C) 
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t h e f o l l o w i n g products (mmol, mmol y i e l d based on 2 , 2 - d i p h e n y l p r o p a n e 
as l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were observed: t e t r a h y d r o - 2 , 2 -
diphenylpropane ( 0 . 2 7 mmol, 3 . 3 mole %, 6 . 8 m i n . ) , t e t r a h y d r o - 2 , 2 -
d iphenylpropane ( 0 . 0 5 mmol, 0 . 6 mole %, 7 .6 m i n . ) , and 2 , 2 - d i p h e n y l p r o ­
pane and /or c i s - 9 , 9 - d i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e ( 1 . 9 2 mmol, 
2 3 . 7 mole %, 1 1 . 0 m i n . ) . On the same b a s i s , gc a n a l y s i s on a SE-30 
column (V, 160°C) gave the f o l l o w i n g p r o d u c t s : t e t r a h y d r o - 2 , 2 - d i p h e n y l ­
propane and/or 2 , 2 - d i p h e n y l p r o p a n e ( 0 . 6 0 mmol, 7 . 4 mole %, 5 . 6 m i n . ) , 
t e t r a h y d r o - 2 , 2 - d i p h e n y l p r o p a n e ( 0 . 1 0 mmol, 1 .2 mole %, 6 . 3 m i n . ) , and 
c i s - 9 , 9 - d i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l o u r e n e ( 1 . 9 0 mmol, 2 3 . 5 mole %, 
7 .2 m i n . ) . Thus the y i e l d s of products are q u i t e low w i t h only 2 3 . 5 
mole % of c i s - 9 , 9 - d i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e and 8 . 6 mole % 
Reference 4 , p . 129 . 
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of 2 ,2 -d iphenyIpropane and I t s t e t r a h y d r o r e d u c t i o n p r o d u c t s . Later 
gc a n a l y s i s of t h e r e a c t i o n mixture on a FFAP column (VI, 70°C) i n d i ­
c a t e d the p r e s e n c e of two c l e a v a g e p r o d u c t s . The f i r s t has t h e gc 
r e t e n t i o n t ime of 1 ,3 -cyc lohexad iene i and t h e o t h e r i s presumably a 
reduced cumene d e r i v a t i v e . The y i e l d s of t h e s e compounds cou ld n o t be 
determined s i n c e t h e r e a c t i o n mix ture had been c o n c e n t r a t e d on the r o t a t 
ing e v a p o r a t o r . 
R e a c t i o n of 2 ,2 -d iphenyIpropane w i t h Cs-K-Na A l l o y a t -75°C 
In r e a c t i o n IV-143 , Cs-K-Na a l l o y ( 2 3 . 3 1 mg-atoms Cs; 2 6 . 9 9 mg-
a t o m s K; 7 . 3 5 m g - a t o m s N a ) i n a b l u e THF (250 m l ) s o l u t i o n w a s c o o l e d 
to -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 0 .6108 g ( 3 . 1 1 
mmol) of 2 ,2 -d iphenyIpropane i n 5 ml of THF was s y r i n g e d i n t o t h e f l a s k . 
There was an immediate c o l o r change from b l u e t o g r e e n . A f t e r t h r e e 
h o u r s , the r e a c t i o n mixture was care i fu l ly j e t t e d i n t o 500 ml of i c e 
w a t e r . A f t e r s tandard work-up and gc a n a l y s i s on a SE-30 column (V, 
140°C) , the f o l l o w i n g products (mmol, mole % y i e l d based on 2 , 2 - d i p h e n y l 
propane as t h e l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were observed: 
2 ,2 -d iphenyIpropane ( 0 . 2 6 mmol, 8 . 3 mole %, 7 . 0 m i n . ) and c i s - 9 , 9 -
d i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e ( 2 . 8 0 mmol, 8 9 . 9 mole %, 9 . 1 m i n . ) 
The r e a c t i o n mix ture was then c o n c e n t r a t e d on t h e r o t a t i n g e v a p o r a t o r . 
The crude product was r e c r y s t a l l i z e d from 95% EtOH t o g i v e 0 .2379 g 
of f i n e w h i t e c r y s t a l s , mp 74-75°C. A second b a t c h from t h e r e c r y s t a l l i -
z a t i o n y i e l d e d 0 .0606 g of f i n e w h i t e c r y s t a l s , mp 74 -75°C. Thus t h e 
i s o l a t e d y i e l d of pure c i s - 9 , 9 - d i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e was 
0 .2985 g or 4 8 . 9 w t . %. The XH NMR (CDC1 3) and 1 3 C NMR (CDC13) of t h i s 
compound are shown i n F igure 7 . 
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3 .47 6 ( 2 . 0 H, m) 
5 . 9 7 - 6 ( 4 . 0 H, broad s ) 
2 .67 6 ( 4 . 0 H, m) 
5 . 5 0 6 ( 2 . 0 H, broad s ) 
1 .15 6 ( 3 . 0 H, s ) 
1 .25 6 ( 3 . 0 H ( s ) ) 
(A) 
4 3 . 6 2 2 6 
( 3 5 . 8 h t %, s ) CH 
3 7 . 4 9 4 6 (71 h t %, d) 
125 .588 6 (89 ht %, d) 
' 1 2 5 . 1 0 3 6 (95 h t %, d) 
26 .937 6 (73 h t %, t ) 
1 1 1 . 6 3 4 6 (89 ht %, d) 
1 4 8 . 1 5 8 6 (85 h t %, s ) 
26 .039 6 (40 h t %, q) •22.448 6 (28 h t %, q) 
(B) 
F i g u r e 7. The "Si NMR (CDC1 ) (A) and 13CNMR (CDC1 3) (B) of 
c i s - 9 , 9 - D i m e t h y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e w i t h 
Suggested Ass ignments of t h e Absorpt ion Peaks . 
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R e a c t i o n of 1 , 1 , 1 - T r i p h e n y l e t h a n e w i t h Cs-K-Na A l l o y a t -50°C; 
A n a l y s i s of t h e A l l o y to Determine t h e R e a c t i n g A l k a l i Metal 
In r e a c t i o n I V - 4 1 , a n a l y s i s of a sample of t h e Cs^K-Na a l l o y 
( 0 . 3 0 3 7 ± 0 .0002 g of Cs-K-Na; 3 . 6 6 8 ± 0.-010 mmol of MOH: 1 .4113 ± 0 .0020 
g of Cs-KTPB) gave an a l l o y c o m p o s i t i o n of 4 7 . 4 ± 0 . 4 atom % Cs, 4 7 . 5 ± 
0 . 4 atom % K, and 5 . 1 ± 0 . 1 atom % Na b e f o r e the a d d i t i o n of 1 , 1 , 1 -
t r i p h e n y l e t h a n e . The Cs-K-Na a l l o y (33 .97 mg-atoms Cs; 3 4 . 0 2 mg-atoms K; 
3 . 6 3 mg-atoms Na) i n t h e b l u e THF (350 ml) s o l u t i o n was c o o l e d t o -50°C 
w i t h v i g o r o u s s t i r r i n g . At t h i s t a n p e r a t u r e , 0 . 8 7 7 3 g ( 3 . 4 0 mmol) of 
1 , 1 , 1 - t r i p h e n y l e t h a n e i n 10 ml of THF was s y r i n g e d i n t o t h e r e a c t i o n 
f l a s k . Upon a d d i t i o n t h e r e a c t i o n f l a s k ' s deep b l u e s o l u t i o n darkened, 
a f t e r t h r e e m i n u t e s , t h e f l a s k c o l o r was dark r e d . A f t e r 70 m i n . , 
a n a l y s i s of a second a l l o y sample ( 0 . 2 1 7 4 ± 0 . 0 0 0 2 g o f Cs-K-Na; 2 . 7 7 8 ± 
0 .010 mmol of MOH; 1 .0345 ± 0 . 0 0 2 0 g of Cs-KTPB) gave an a l l o y composi ­
t i o n of 4 3 . 0 ± 0 . 4 atom % Cs, 4 9 . 7 ± 0 . 5 atom % K, and 7 . 3 ± 0 . 1 atom % 
Na. A f t e r sampl ing the a l l o y t h e r e a c t i o n mix ture was c a r e f u l l y j e t t e d 
i n t o 500 ml of i c e w a t e r . Af ter s tandard work-up and gc a n a l y s i s on a 
SE-30 column (X, 175°C) t h e f o l l o w i n g p r o d u c t s ^ (mmol, mole % y i e l d 
based on 1 , I , 1 - t r i p h e n y l e t h a n e a s the l i m i t i n g r e a g e n t , gc r e t e n t i o n 
t ime) were o b s e r v e d : 1 , 1 , 1 - t r i p h e n y l e t h a n e ( 0 . 4 9 mmol, 1 4 . 4 mole %, 
9 . 4 min . ) and c i s - 9 - m e t h y l - 9 - p h e n y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e ( 2 . 2 7 
mmol, 6 6 . 9 mole %, 1 2 . 9 m i n . ) . 
In r e a c t i o n IV-55 , a n a l y s i s of a sample o f Cs-K-Na a l l o y (0 .2217 ± 
0 .0002 g of Cs-K-Na; 2 .695 ± 0 . 0 1 0 mmol of MOH; 1 .0525 ± 0 .0020 g of 
Cs-KTPB) gave an a l l o y c o m p o s i t i o n of 4 6 . 6 ± 0 . 4 atom % Cs, 5 0 . 2 ± 0 . 4 
atom % K, and 3 . 2 ± 0 . 1 atom % Na bcifore the a d d i t i o n of 
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1 , 1 , 1 - t r i p h e n y l e t h a n e . The Cs-K-Na a l l o y ( 3 9 . 8 8 mg-atoms Cs; 4 3 . 0 3 
mg-atoms K; 2 . 6 4 mg-atoms Na) i n t h e b l u e THF (350 ml) s o l u t i o n was 
c o o l e d t o -51°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 0 .8925 g 
( 3 . 4 5 mmol) of 1 , 1 , 1 - t r i p h e n y l e t h a n e i n 10 ml of THF was s y r i n g e d i n t o 
t h e f l a s k . The f l a s k c o l o r changed from b l u e t o r e d . Af ter 120 min. 
t h e s t i r r i n g was d i s c o n t i n u e d . At 200 m i n . , a second a l l o y sample 
(0 .1569 ± 0 .0002 g of Cs-K-Na; 2 .054 ± 0 .010 mmol of MOH: 0 . 7 7 8 4 ± 
0 .0020 g of Cs-K-TPB) was ana lyzed and found t o have a compos i t i on 
4 0 . 1 ± 0 . 4 atom % Cs, 5 6 . 5 ± 0 . 5 atom % K, and 3 . 4 ± 0 . 1 atom % Na. 
Af ter sampl ing t h e a l l o y , t h e r e a c t i o n mixture was s t i r r e d up and 
c a r e f u l l y j e t t e d i n t o 500 ml of i c e w a t e r . (Note t h a t a f t e r 80 minutes 
w i t h no s t i r r i n g t h a t t h e red p r e c i p i t a t e had s e t t l e d out o f t h e b l u e 
THF s o l u t i o n . ) A f t e r s tandard work-up and gc a n a l y s i s on a SE-30 c o l ­
umn (V, 175°C) the f o l l o w i n g products (mmol, mole % based on 1 , 1 , 1 -
t r i p h e n y l e t h a n e as the l i m i t i n g r e a g e n t , gc r e t e n t i o n t i m e ) were observed 
1 , 1 , 1 - t r i p h e n y l e t h a n e ( 0 . 0 4 mmol, 1 .3 mole %, 1 1 . 3 m i n . ) and c i s - 9 - m e t h y l 
9 - p h e n y l - 4 a , 4 b , 2 , 7 - t e t r a h y d r o f l u o r e n e ( 2 . 4 8 mmol), 7 1 . 7 mole %, 1 4 . 6 
m i n . ) . 
R e a c t i o n of B i b e n z y l w i t h Cs-K-Na A l l o y a t -75°C 
In r e a c t i o n IV-83 , Cs-K-Na a l l o y ( 3 7 . 2 3 mg-atoms Cs; 3 7 . 2 8 mg-
atoms K; 3 . 9 6 mg-atoms Na) i n the b l u e THF (350 ml) s o l u t i o n was c o o l e d 
t o -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 1 .0554 g ( 5 . 7 9 
mmol) i f b i b e n z y l i n 5 ml of THF was s y r i n g e d i n t o the f l a s k . Upon 
a d d i t i o n the f l a s k c o l o r turned b l a c k but a f t e r f i v e minutes the f l a s k 
c o l o r was g r e e n . The r e a c t i o n mix ture was s t i r r e d f o r 90 minutes a t 
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-75°C and then c a r e f u l l y j e t t e d i n t o 500 ml of i c e w a t e r . A f t e r 
s tandard work-up and gc a n a l y s i s on a FFAP column (VI, 80°C) on ly t h e 
f o l l o w i n g product (mmol, mole % y i e l d based on b i b e n z y l as l i m i t i n g 
r e a g e n t , gc r e t e n t i o n t ime) was observed: t o l u e n e ( 1 1 . 0 1 mmol, 9 5 . 1 
mole %, 1 0 . 4 m i n . ) . Thus i t appears t h a t once t h e d i ce s iu m adduct of 
b i b e n z y l i s formed i t r e a d i l y c l e a v e s g i v i n g two e q u i v a l e n t s of b e n z y l 
ces ium, which upon p r o t o n a t i o n g i v e s t o l u e n e . 
In r e a c t i o n IV-93 , Cs-K-Na a l l o y (87 .07 mg-atoms Cs; 94 .78 mg-
atoms K; 2 4 . 1 6 mg-atoms Na) i n t h e b l u e THF (350 ml) s o l u t i o n was 
c o o l e d t o -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s temperature 2 . 5 4 6 8 g 
( 1 4 . 0 4 mmol) of b i b e n z y l i n 10 ml of THF was s y r i n g e d i n t o t h e f l a s k . 
Upon a d d i t i o n t h e f l a s k c o l o r turned b l a c k but a f t e r f i v e minutes t h e 
c o l o r was r e d . The r e a c t i o n m i x t u r e was s t i r r e d f o r one hour at - 7 5 ° C , 
and the now b r i g h t orange -red r e a c t i o n mixture was s iphoned onto 
crushed dry i c e . The m a t e r i a l remaining i n t h e r e a c t i o n f l a s k was p r o ­
t o n a t e d . Af t er s tandard work-up and gc a n a l y s i s on a Carbowax 20-M 
column (IV, 120°C) the f o l l o w i n g a c i d i c product (mmol, mole % y i e l d 
based on b i b e n z y l a s t h e l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) was 
observed (as the methyl e s t e r ) ; p h e m y l a c e t i c a c i d ( 1 7 . 3 5 mmol, 6 2 . 1 
mole %, 1 4 . 0 m i n . ) . On t h e same b a s i s , gc a n a l y s i s of t h e n e u t r a l 
f r a c t i o n on a FFAP column (VI, 60° ) gave t h e f o l l o w i n g p r o d u c t s : 
2 , 5 - d i h y d r o t o l u e n e ( 0 . 1 1 mmol, 0 . 4 mole %, 9 . 9 m i n . ) and t o l u e n e (0 .47 
mmol, 1 .7 mole %, 1 1 . 9 m i n . ) . The gc a n a l y s i s of t h e r e s i d u a l f l a s k 
m a t e r i a l which had been pro tonated gave the f o l l o w i n g p r o d u c t s : 
I f a l l of the b i b e n z y l c l e a v e s i n t o two fragments t h e n t h e 
maximum amount of t o l u e n e would be 1 1 . 5 8 mmol. 
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2,5 -dihydrotoluene (0.67 mmol, 2.4 mole %, 9.9 m i n . ) and t o l u e n e (3.95 
mmol, 14.2 mole %, 11.9 m i n . ) . Thus t h e t o t a l gc y i e l d of c l e a v a g e 
products was 80.8 mole %. The s o l v e n t was removed from t h e a c i d by 
d i s t i l l a t i o n through a o n e - f o o t v i g r e u x column. The crude a c i d was t h e n 
vacuum sublimed a t 100°C and 1.5 mm. Hg. Thi s s u b l i m a t i o n y i e l d e d 1.8058 
g (47.5 mole % i s o l a t e d y i e l d ) of a w h i t e powder, mp 76.0 - 76.5°C. The 
mixed m e l t i n g p o i n t of t h i s powder and an a u t h e n t i c sample of p h e n y l -
a c e t i c a c i d had a mp of 76.0 - 76.5°C. The NMR (CCl^) spectrum of 
t h i s a c i d , which was i d e n t i c a l t o t h a t of an a u t h e n t i c sample of p h e n y l -
a c e t i c a c i d , had absorbance a t 6 3.40 (2.1 H, s , m e t h y l e n e ) , 6.87 (5.0 H, 
s , a r o m a t i c ) , and 11.55 (1.0 H, s , a c i d i c ) . A sample of t h i s a c i d was 
me l ted and sandwiched between two s a l t p l a t e s a t 100°C. Th i s was then 
used t o o b t a i n t h e IR spectrum of the compound. The IR spectrum of t h i s 
compound, which was i d e n t i c a l t o t h a t of p h e n y l a c e t i c a c i d under t h e 
same c o n d i t i o n s , had absorbance bands a t t h e f o l l o w i n g wavenumbers (cm ^) 
3050 ( s , broad 3400-2200), 2050 (w) , 1950 (w) , 1890 (w) , 1860 (w) , 1775 
( s h o u l d e r ) , 1700 ( s , b r o a d ) , 1600 (m), 1540 (w) , 1495 (m), 1455 (m), 
1410 ( s ) , 1335 (w) , 1325 (w) , 1290 ( s ) , 1240 (m), 1190 (m), 1140 ( w ) , 
1100 (w) , 1070 (m), 1025 (m), 1010 ( s , b r o a d ) , 835 (m), 750 ( s ) , 700 ( s ) , 
and 775 ( s ) . 
In r e a c t i o n IV-101, Cs-K-Na a l l o y (91.05 mg-atoms Cs; 99.11 mg-
atoms K; 25.27 mg-atoms Na) i n a b l u e THF (25b ml) s o l u t i o n was c o o l e d 
to -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t empera ture , 2.7168 g (14.905 
mmol) of b i b e n z y l i n t e n ml of THF was s y r i n g e d i n t o t h e f l a s k . Upon 
a d d i t i o n , the f l a s k c o l o r changed from b l u e tb r e d . The s o l u t i o n c o l o r 
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i n t e n s i f i e d u n t i l the red c o l o r appeared a lmost b l a c k . The r e a c t i o n 
temperature was mainta ined a t -75°C f o r 80 m i n u t e s . Then t h e r e a c t i o n 
mixture was s iphoned onto crushed Dry I c e . (Dry I c e was a l s o added t o 
the f l a s k t o carbonate any r e s i d u a l m a t e r i a l which had not been removed 
by t h e s i p h o n i n g . A f t e r t e n m i n u t e s , 100 ml o f 95% EtOH was added t o 
both t h e c a r b o n a t i o n and r e a c t i o n f l a s k s . ) A f t e r s tandard work-up, t h i s 
r e a c t i o n y i e l d e d 3 . 9 7 9 3 g (98 wt . % y i e l d ) of crude a c i d . By gc 
a n a l y s i s on a Carbowax 20-M column (IV, 170°C) t h e methy l e s t e r of t h e 
f o l l o w i n g a c i d i c product (mmol, mole % y i e l d based on b i b e n z y l a s t h e 
l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) was observed: p h e n y l a c e t i c ac id 
( 2 7 . 8 4 mmol, 9 3 . 4 mole %, 1 2 . 8 m i n . ) . On t h e same b a s i s , gc a n a l y s i s on 
a FFAP column (VI, 75°C) gave the f o l l o w i n g n e u t r a l p r o d u c t : t o l u e n e 
( 1 . 3 0 mmol, 4 . 4 mole %, 1 1 . 5 m i n . ) . 
R e a c t i o n of 1,2-Di-_p_-toly l e t hane w i t h Cs-K-Na A l l o y 
In r e a c t i o n IV-125 , Cs-K-Na a l l o y ( 4 9 . 1 2 mg-atoms Cs; 53 .47 mg-
atoms Cs; 53 .47 mg-atoms K; 1 6 . 6 3 mg-atoms Na) i n a b l u e THF (250 ml) 
s o l u t i o n was c o o l e d to -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s tempera­
t u r e , 0 .8316 g ( 3 . 9 5 mmol) of 1 , 2 - d i - p - t o l y l e t h a n e i n 5 ml of THF was 
s y r i n g e d i n t o t h e f l a s k . Upon a d d i t i o n , t h e s o l u t i o n c o l o r changed 
from b l u e t o green . The r e a c t i o n was s t i r r e d f o r 2 . 5 hours a t - 7 5 ° C . 
Then the f l a s k was a l l o w e d t o warm such t h a t t h e temperature was -65°C 
a t 3 . 0 h o u r s , -45°C a t 4 . 0 h o u r s , -10°C at 4 . 5 h o u r s , and 12°C a t 5 
hours a f t e r a d d i t i o n of the hydrocarbon. The green f l a s k c o l o r changed 
at -10°C t o a red c o l o r . Thus a t f i v e hours of r e a c t i o n t ime t h e r e d -
brown r e a c t i o n mix ture was s iphoned onto crushed Dry I c e . (Dry I c e was 
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a l s o added to carbonate t h e r e s i d u a l m a t e r i a l l e f t i n t h e f l a s k . Ten 
minutes a f t e r the c a r b o n a t i o n , 100 ml of 95% EtOH was added t o both 
the carbonat ion and r e a c t i o n f l a s k s . ) A f t e r s tandard work-up, 1.077 g 
( 9 1 . 4 w t . % y i e l d i f t h i s i s t h e d i a c i d of t h e s t a r t i n g hydrocarbon) 
of crude a c i d was i s o l a t e d . By gc a n a l y s i s on a Carbowax 20-M column 
(IV, 130°C) t h e methyl e s t e r of t h e f o l l o w i n g v o l a t i l e ac id (mmol, mole 
% y i e l d based on 1 , 2 - d i - £ - t o l y l e t h a n e i s l i m i t i n g r e a g e n t , gc r e t e n t i o n 
t ime) was o b s e r v e d : £ - m e t h y I p h e n y l a c e t i c a c i d ( 0 . 5 0 mmol, 6 .2 mole %, 
1 4 . 0 m i n . ) There was no £ - p h e n y l e n e d i a c e t i c a c i d i n t h i s sample . 
However gc a n a l y s i s o f t h i s mix ture at 189°C gave t h e methyl e s t e r s of 
t h e f o l l o w i n g a c i d s ( r e l a t i v e %, gc r e t e n t i o n t i m e ) : unknown ( 9 . 0 r e l . 
%, 8 . 8 m i n . ) , unknown ( 1 5 . 5 r e l . %., 9 . 8 m i n . ) , and unknown ( 7 5 . 5 r e l . %, 
1 1 . 0 m i n . ) . (The n e u t r a l m a t e r i a l s conta ined 0 . 1 mole % of £ - x y l e n e and 
0 . 3 mole % of 1 , 2 - d i - £ - t o l y l e t h a n e „ ) The 1 H NMR (CS 2 ) spectrum of t h e 
crude a c i d had absorbance a t 6 1 .76 ( 0 . 8 H, s , m e t h y l ) , 2 . 0 0 ( 0 . 9 H, s , 
m e t h y l ) , 2 . 2 0 ( 0 . 9 H, s , aromatic m e t h y l ) , 2 .27 ( 0 . 9 H, s , aromat ic 
methyl s i m i l a r t o t h a t i n p - m e t h y l p h e n y l a c e t i c a c i d ) , 2 . 5 3 ( 1 . 4 H, m, 
a l l y l and b e n z y l ) , 3 .47 ( 0 . 8 H, s , b e n z y l i c proton a lpha t o a c a r b o x y l i c 
a c i d g r o u p ) , 5 . 6 0 ( 0 . 6 H, m, v i n y l ) , 6 .87 ( 1 . 4 H, s , aromat ic as i n 
b i b e n z y l ) , 7 . 0 0 ( 1 . 0 H, s , aromat ic as i n £ - m e t h y I p h e n y l a c e t i c a c i d ) , 
7 . 2 0 ( 0 . 3 H, s , a r o m a t i c ) , and 9 . 9 0 ( 1 . 0 H, s , C0 2 H). S in ce t h e r a t i o 
o f hydrogen i n t h e a c i d i c , a r o m a t i c , and v i n y l i c r e g i o n s i s 1 .0 H: 
2 .7 H: 0 . 6 H and t h e r e a r e four aromat ic hydrogens or two v i n y l i c hydro­
gens per r i n g , t h e r a t i o of a c i d f u n c t i o n s t o r i n g s i s 1 : 1 . T h e r e f o r e 
t h i s mix ture c o n s i s t s mainly o f d i a c i d d e r i v a t i v e s of l , 2 - d i - £ - t o l y l e t h a n e . 
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The mass spectrum of the methyl e s t e r s of the crude a c i d mix ture has 
the 1 f o l l o w i n g f ragmenta t ion p a t t e r n , m/e ( r e l a t i v e %): 39 ( 8 ) , 41 ( 6 ) , 
43 ( 1 3 ) , 51 ( 9 ) , 53 ( 6 ) , 55 ( 5 ) , 59 ( 3 0 ) , 65 ( 9 ) , 77 ( 3 6 ) , 78 ( 1 2 ) , 
79 ( 2 3 ) , 89 ( 5 ) , 91 ( 2 8 ) , 102 ( 6 ) , 103 ( 3 3 ) , 104 ( 2 7 ) , 105 ( 1 0 0 ) , 
106 ( 2 8 ) , 115 ( 1 1 ) , 117 ( 1 2 ) , 118 ( 7 ) , 119 ( 5 5 ) , 120 ( 1 0 ) , 121 ( 6 ) , 
131 ( 1 8 ) , 132 ( 7 ) , 133 ( 1 4 ) , 1 3 5 . ( 7 ) , 145 ( 1 0 ) , 163 ( 3 1 ) , 164 ( 6 ) , 
165 ( 6 ) , 177 ( 9 ) , 178 ( 7 ) , 179 ( 1 4 ) , 191 ( 1 3 ) , 192 ( 5 ) , 221 ( 9 ) , 
237 ( 4 9 ) , 238 ( 1 2 ) , 268 ( 7 ) , 269 ( 1 5 ) , 294 ( 1 1 ) , 295 ( 6 ) , 296 ( 8 ) , 
326 ( 4 ) , 327 (1)* 328 (2) M+, 329 ( 0 . 2 ) , and 330 ( 0 . 0 5 ) . Thus, t h e 
"̂H NMR and mass s p e c t r a l data i n d i c a t e s t h a t t h e s e d i a c i d are d e r i v e d 
from b e n z y l and s i d e - c h a i n m e t a l a t i o n of 1 , 2 - d i - j ) - t o l y l e t h a n e . 
R e a c t i o n of 2 ,3 -Dimethy 1 . -2 ,3 -d ipheny lbutane w i t h 
Cs-K-Na A l l o y a t -75°C 
In r e a c t i o n IV-97 , Cs-K-Na a l l o y ( 8 7 . 4 1 mg-atoms Cs; 9 5 . 1 5 mg-
atoms K; 2 4 . 2 6 mg-atoms Na) i n a b l u e THF (350 ml) s o l u t i o n was c o o l e d 
to -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t e m p e r a t u r e , 2 .8009 g ( 1 1 . 7 8 
mmol) of 2 , 3 - d i m e t h y 1 - 2 , 3 - d i p h e n y l b u t a n e i n 10 ml of THF was s y r i n g e d 
i n t o the f l a s k . The s o l u t i o n c o l o r immediate ly darkened t o a b l a c k 
c o l o r and then r a p i d l y turned r e d . The r e a c t i o n m i x t u r e was v i g o r o u s l y 
s t i r r e d for 155 minutes a t -75°C and then was s iphoned onto crushed Dry 
I c e . (Dry I c e was a l s o added t o the f l a s k t o carbonate any r e s i d u a l 
m a t e r i a l . A f t e r t e n m i n u t e s , 100 ml of 95% EtOH was added t o both t h e 
c a r b o n a t i o n and r e a c t i o n f l a s k s . ) A f t e r s tandard work-up, t h e i s o l a t e d 
y i e l d of crude a c i d was 3 . 8 0 3 g ( 9 8 . 5 mole %). By gc a n a l y s i s on a 
Carbowax 20-M column (IV, 130°C) , t h e methy l e s t e r o f t h e f o l l o w i n g 
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a c i d i c product (mmol, mole % y i e l d based on 2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l -
butane as the l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) was observed: 
a , a - d i m e t h y l p h e n y l a c e t i c a c i d ( 2 3 . 3 1 mmol, 9 9 . 0 mole %, 9 . 4 m i n . ) . On 
the same b a s i s , gc a n a l y s i s of t h e n e u t r a l m a t e r i a l s on a Carbowax 20-M 
column (IV, 50°C) gave t h e f o l l o w i n g product : cumene ( 0 . 1 7 mmql, 0 . 7 
mole %, 8 . 0 m i n . ) . The crude a c i d not used i n the gc a n a l y s i s was 
vacuum sublimed a t 90-140°C a t 1, mm of Hg. Th i s s u b l i m a t i o n y i e l d e d 
3 .6186 g ( 9 3 . 7 mole %) of a , a - d i m e t h y I p h e n y l a c e t i c a c i d , mp 7 4 . 0 - 7 5 . 0 ° C . 
R e c r y s t a l l i z a t i o n from hexane r e s u l t e d i n w h i t e n e e d l e s mp 7 8 . 0 - 7 9 . 0 ° C . 
The mixture m e l t i n g p o i n t of t h i s a c i d w i t h an a u t h e n t i c sample of 
a , a - d i m e t h y I p h e n y l a c e t i c a c i d p u r i f i e d i n t h e same manner was 7 8 . 0 -
7 9 . 0 ° C . The NMR (CS 2 ) spectrum of t h i s a c i d , which was i d e n t i c a l t o 
t h a t of a u t h e n t i c a , a - d i m e t h y l p h e n y l a c e t i c a c i d , had absorbance a t 6 
1 .73 ( 6 . 3 H, s , m e t h y l ) , 7 .46 ( 5 . 1 H, broad s , a r o m a t i c ) , and 1 2 . 5 6 
( 1 . 0 H, s , a c i d i c ) . A sample of t h i s a c i d was mel ted on and then 
sandwiched between two s a l t p l a t e s a t 100°C t o o b t a i n a t h i n f i l m . The 
IR spectrum of t h i s t h i n f i l m , which was i d e n t i c a l t o t h a t of a u t h e n t i c 
a , a - d i m e t h y I p h e n y l a c e t i c a c i d , had absorbance bands a t t h e f o l l o w i n g 
wavenumbers ( c m - 1 ) : 3000 ( s , broad 3 4 0 0 - 2 2 0 0 ) , 2125 (w) , 1970 (m), 
1885 (m), 1840 (w) , 1820 (w) , 1780 (w) , 1750 (m), 1700 ( s , b r o a d ) , 1610 
(m), 1590 (m), 1560 (w) , 1540 (w), 1500 (m), 1475 (m), 1450 ( s ) , 1420 (m), 
1400 (m), 1375 ( s ) , 1335 (m), 1300 ( s , b r o a d ) , 1240 (m), 1180 (m), 
1170 ( s ) , 1105 (m), 1080 (m), 1035 (m), 1005 (w) , 990 (w) , 975 (m), 940 
( s , b r o a d ) , 905 (m), 840 (m), 775 (m), 765 (m), 730 (m), 700 ( s ) , and 
630 (m). 
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R e a c t i o n of 1 , 2 , 2 - T r i p h e n y l p r o p a n e w i t h Cs-K-Na at -75°C 
In r e a c t i o n IV-115 , Cs-K-Na a l l o y ( 4 3 . 8 1 mg-atoms Cs; 47 .69 mg-
atoms K; 1 2 . 1 6 mg-atoms Na) i n a b l u e THF (350 ml) s o l u t i o n was c o o l e d 
to -75°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 1 .0263 g (3 .77 
mmol) of 1 , 2 , 2 - t r i p h e n y l p r o p a n e i n 5 ml of THF was s y r i n g e d i n t o t h e 
f l a s k . The c o l o r changed from b lue t o green t o y e l l o w - o r a n g e . Th i s 
y e l l o w - o r a n g e c o l o r i n t e n s i f i e d u n t i l t h e c o l o r was o r a n g e - b l a c k . A f t e r 
75 minutes a t - 7 5 ° C , t h e r e a c t i o n mixture was s iphoned onto crushed Dry 
I c e . (Dry I c e was then added t o t h e f l a s k t o carbonate the remaining 
r e s i d u a l m a t e r i a l . A f t e r 15 m i n u t e s , 100 ml of 95% EtOH was added t o 
both t h e r e a c t i o n and c a r b o n a t i o n f l a s k s . ) A f t e r s tandard work-up, t h e 
i s o l a t e d y i e l d of crude a c i d s was 0 .8738 g. By gc a n a l y s i s on a SE-30 
column (X, 180°C) , the methyl e s t e r s of the f o l l o w i n g a c i d i c products 
(mmol, mole % y i e l d based on 1 , 2 , 2 - t r i p h e n y l p r o p a n e as the l i m i t i n g 
r e a g e n t , gc r e t e n t i o n t ime) were observed: p h e n y l a c e t i c a c i d ( 3 . 2 0 
mmol, 8 4 . 8 mole %, 1 .8 m i n . ) and 2 , 2 - d i p h e n y l p r o p i o n i c a c i d ( 3 . 2 9 mmol, 
8 7 . 3 mole %, 7 . 1 m i n . ) . On the same b a s i s , gc a n a l y s i s o f t h e n e u t r a l 
m a t e r i a l s on a FFAP column (VI, 70°C) gave t o l u e n e ( 0 . 4 4 mmol, 1 1 . 5 mole 
%, 1 2 . 2 m i n . ) and on an OV-17 column ( I I , 180°C) gave 1 , 1 - d i p h e n y l e t h a n e 
( 0 . 3 1 mmol, 8 . 2 mole %, 3 . 3 5 m i n . ) . The NMR (CS 2 ) spectrum of t h e 
a c i d s i s o l a t e d from t h i s r e a c t i o n had absorbance a t 6 1 .82 ( 3 . 0 H, s , 
methyl from 2 , 2 - d i p h e n y l p r o p i o n i c a c i d ) , 3 . 5 2 ( 1 . 5 H, s , b e n z y l from 
p h e n y l a c e t i c a c i d ) , 7 .17 ( 1 4 . 1 H, s , a r o m a t i c ) , and 1 0 . 7 7 ( 1 . 5 H, s , 
a c i d i c ) . The a c i d mix ture was v i g o r o u s l y shaken i n t e n ml of hot water 
t o d i s s o l v e t h e p h e n y l a c e t i c a c i d . The r e s u l t i n g m i x t u r e was f i l t e r e d 
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and the f i l t r a t e was e x t r a c t e d w i t h d i e t h y l e t h e r . The e t h e r was 
dr i ed o v e r MgSO^, f i l t e r e d , and p l a c e d i n an e v a p o r a t i n g d i s h . A f t e r 
e v a p o r a t i o n of the e t h e r , 50 mg of w h i t e c r y s t a l l i n e p l a t e s , mp 7 3 - 7 4 ° C , 
were removed from the d i s h w a l l s . The mixture m e l t i n g p o i n t o f t h e s e 
p l a t e s and a u t h e n t i c p h e n y l a c e t i c a c i d was 73-73°C. The NMR spectrum 
(CS^) of t h e s e p l a t e s , which was i d e n t i c a l t o t h a t o f a u t h e n t i c p h e n y l -
a c e t i c a c i d , had absorbance a t 6 3 . 4 6 ( 2 . 0 H, s , b e n z y l i c ) , 7 .07 ( 4 . 8 H, 
s , a r o m a t i c ) , and 1 0 . 5 0 ( 1 . 0 H, s , C0 2 H). The a c i d s which d id n o t 
d i s s o l v e i n t h e hot water were r e c r y s t a l l i z e d from 50% EtOH. Thi s 
r e s u l t e d i n a 0 .3769 g y i e l d of f ine : w h i t e c r y s t a l s , mp 166-167°C. The 
mixture m e l t i n g p o i n t of t h e s e c r y s t a l s and a u t h e n t i c 2 , 2 - d i p h e n y 1 -
p r o p i o n i o a c i d was 166-167°C. The "4? NMR spectrum (CS 2 ) of t h e s e c r y s ­
t a l s , which was i d e n t i c a l t o t h a t of a u t h e n t i c 2 , 2 - d i p h e n y I p r o p i o n i c 
a c i d , had absorbance a t 6 1 .80 ( 2 . 9 H, s , m e t h y l ) , 7 . 1 0 ( 1 0 . 0 H, s , a r o ­
m a t i c ) , and 9 . 9 0 ( 1 . 0 H, s , C0 2 H). 
R e a c t i o n of 1 ,3-DiphenyIpropane w i t h Cs-K-Na A l l o y ; A n a l y s i s of 
t h e A l l o y t o Determine t h e R e a c t i n g A l k a l i Metal 
In r e a c t i o n IV-5 , a n a l y s i s of a sample of Cs-K-Na a l l o y ( 0 . 4 6 3 3 ± 
0 .0002 g of Cs-K-Na; 6 .039 ± 0 . 0 1 0 mmol MOH; 2 . 1 8 5 ± 0 . 0 0 2 0 g of Cs-KTPB) 
was found t o have a c o m p o s i t i o n 4 1 . 8 ± 0 . 4 atom % Cs, 4 8 . 2 ± 0 . 4 atom % 
K, and 1 0 . 0 ± 0 . 1 atom % Na b e f o r e t h e a d d i t i o n of 1 , 3 - d i p h e n y l p r o p a n e . 
The Cs-K-Na a l l o y (48 .49 mg-atoms Cs; 5 5 . 9 0 mg-atoms K; 1 1 . 5 8 mg-atoms 
Na) i n a b l u e THF (350 ml) s o l u t i o n was c o o l e d t o -42°C w i t h v i g o r o u s 
s t i r r i n g . At t h i s t emperature , 1 .2907 g ( 6 . 5 8 mmol) o f 1 , 3 - d i p h e n y l ­
propane i n f i v e ml of THF was s y r i n g e d i n t o t h e f l a s k . The f l a s k c o l o r 
changed from b l u e t o green over a f i v e minute p e r i o d . The f l a s k was 
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s t i r r e d f o r 21 hours a t - 4 2 ° C . At t h i s t ime , a second a l l o y sample 
( 0 . 5 5 5 8 ± 0 .0002 g Cs-K-Na; 7 .912 ± 0 . 0 1 0 mmol MOH; 2 . 7 7 1 ± 0 . 0 0 2 g 
Cs-KTPB) was withdrawn from the f l a s k and found t o have the c o m p o s i t i o n 
3 5 . 2 ± 0 . 4 atom % Cs, 5 3 . 3 ± 0 . 4 atom % K, and 1 1 . 5 ± 0 . 1 atom % Na. 
The r e a c t i o n mixture was t h e n c a r e f u l l y j e t t e d i n t o 500 ml of i c e 
w a t e r . Af ter s tandard work-up and gc a n a l y s i s on a Carbowax 20-M 
column (IV, 1,70°) t h e f o l l o w i n g p r o d u c t s (mmol, mole % y i e l d based on 
1 , 3 - d i p h e n y l p r o p a n e a s t h e l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were 
observed: unknown ( 0 . 0 3 mmol, 0 . 5 - m o l e %, 6 . 4 m i n . ) , 1 , 3 - b i s ( 2 , , 5 , ~ 
d ihydrophenyl )propane ( 2 . 0 9 mmol, 3 1 . 8 mole %, 7 . 2 m i n . ) , unknown ( 0 . 1 1 
mmol, 1.7 mole %, 8 . 4 m i n . ) , a d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e ( 0 . 3 9 mmol, 
5 . 0 mole %, 9 . 2 m i n . ) , unknown ( 0 . 1 3 mmol, 2 . 0 mole %, 1 0 . 0 m i n . ) , 
1 - ( 2 ' , 5 , - d i h y d r o p h e n y l ) - 3 - p h e n y l p r o p a n e ( 2 . 2 0 mmol, 3 3 . 5 mole %, 1 1 . 2 
m i n . ) , 1 , 3 - d i p h e n y l p r o p a n e ( 1 . 0 2 mmol, 1 5 . 5 mole %, 1 2 . 5 m i n . ) , and a 
d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e ( 0 . 0 8 mmol, 1 .3 mole %, 1 6 . 5 m i n . ) . Samples 
of t h e major p r o d u c t s were i s o l a t e d by p r e p a r a t i v e gc and ana lyzed by 
mass s p e c t r o m e t r y . Thus, t h e mass spectrum of l , 3 - b i s ( 2 ' j S ' - d i h y d r o -
phenyl )propane had t h e f o l l o w i n g f r a g m e n t a t i o n p e a k s , m/e ( r e l . %): 
39 ( 6 ) , 40 ( 2 ) , 41 ( 1 0 ) , 42 ( 3 ) , 43 ( 6 ) , 44 ( 8 ) , 50 ( 2 ) , 51 ( 4 ) , 52 ( 3 ) , 
53 ( 4 ) , 54 ( 2 ) , 55 ( 6 ) , 56 ( 2 ) , 57 ( 4 ) , 65 ( 6 ) , 66 ( 2 ) , 67 ( 8 ) , 68 ( 2 ) , 
69 ( 3 ) , 77 ( 8 ) , 78 ( 7 ) , 79 ( 1 0 ) , 80 ( 1 1 ) , 81 ( 1 2 ) , 82 ( 2 ) , 83 ( 2 ) , 
84 ( 2 ) , 91 ( 1 4 ) , 92 ( 1 6 ) , 93 ( 6 ) , 94 ( 4 ) , 95 (20), 96 ( 8 ) , 103 ( 2 ) , 
104 ( 1 0 0 ) , 105 ( 2 6 ) , 106 ( 6 ) , 107 ( 2 ) , 108 ( 3 ) , 109 ( 3 ) , 111 ( 2 ) , 141 ( 2 ) , 
149 ( 2 ) , 200 (12)M + , 201 ( 2 ) , and 202 ( 0 . 1 ) . The mass spectrum of t h e 
d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e compound of gc r e t e n t i o n t ime 9 . 2 min. had 
the f o l l o w i n g f ragmenta t ion p e a k s , m/e ( r e l . %): 39 ( 1 1 ) , 40 ( 6 ) , 
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41 ( 1 0 ) , 44 ( 7 8 ) , 51 ( 7 ) , 65 ( 1 0 ) , 76 ( 4 ) , 77 ( 1 8 ) , 78 ( 1 0 ) , 79 ( 5 6 ) , 
80 ( 6 ) , 81 ( 4 ) , 91 ( 4 8 ) , 92 ( 1 8 ) , 93 ( 9 ) , 94 ( 1 0 0 ) , 95 ( 1 0 ) , 104 ( 4 8 ) , 
105 ( 1 8 ) , 152 ( 6 ) , 153 ( 7 ) , 154 ( 2 8 ) , 155 ( 4 ) , 156 ( 1 ) , 198 (15) M+, 
199 ( 2 ) , and 200 ( 0 . 2 ) . The mass spectrum of l - ( 2 ! , 5 ' - d i h y d r o p h e n y l ) -
3-phenylpropane had t h e f o l l o w i n g f ragmenta t ion p e a k s , m/e ( r e l . %): 
39 ( 1 0 ) , 41 ( 7 ) , 51 ( 8 ) , 63 ( 4 ) , 65 ( 1 5 ) , 77 ( 2 2 ) , 78 ( 9 ) , 79 ( 6 0 ) , 
80 ( 6 ) , 9 i ( 6 9 ) , 92 ( 1 0 0 ) , 93 ( 1 2 ) , 94 ( 4 2 ) , 95 ( 3 ) , 103 ( 6 ) , 104 ( 3 9 ) , 
105 ( 4 2 ) , 106 ( 6 ) , 115 ( 5 ) , 117 ( 5 ) , 118 ( 3 ) , 128 ( 3 ) , 129 ( 3 ) , 152 ( 3 ) , 
153 ( 3 ) , 154 ( 6 ) , 155 ( 2 ) , 165 ( 7 ) , 166 ( 3 ) , 167 ( 1 2 ) , 168 ( 7 ) , 178 ( 4 ) , 
179 ( 6 ) , 181 ( 5 ) , 194 ( 1 1 ) , 195 ( 1 ) , 196 ( 5 4 ) , 197 ( 9 ) , 198 (21) M + , 
199 ( 3 ) , and 200 ( 0 . 5 ) . The mass spectrum of t h e d i h y d r o - 1 , 3 - d i p h e n y l ­
propane of gc r e t e n t i o n t ime 1 6 . 5 min. had t h e f o l l o w i n g f ragmenta t ion 
p e a k s , m/e ( r e l . %): 39 ( 1 7 ) , 41 ( 1 2 ) , 43 ( 6 ) , 44 ( 1 4 ) , 50 ( 8 ) , 51 ( 1 7 ) , 
52 ( 6 ) , 53 ( 5 ) , 55 ( 5 ) , 63 ( 9 ) , 64 ( 6 ) , 65 ( 1 5 ) , 74 ( 5 ) , 7 5 . ( 5 ) , 76 ( 1 4 ) , 
77 ( 3 5 ) , 78 ( 1 6 ) , 79 ( 5 5 ) , 80 ( 1 2 ) , 81 ( 5 ) , 91 ( 6 3 ) , 92 ( 3 5 ) , 93 ( 1 1 ) , 
94 ( 7 6 ) , 95 ( 8 ) , 102 ( 5 ) , 103 ( 6 ) , 104 ( 3 8 ) , 105 ( 2 0 ) , 106 ( 5 ) , 107 ( 5 ) , 
115 ( 8 ) , 117 ( 5 ) , 120 ( 6 ) , 128 ( 6 ) , 141 ( 6 ) , 151 ( 6 ) , 152 ( 2 1 ) , 153 ( 2 5 ) , 
154 ( 1 0 0 ) , 155 ( 1 8 ) , 156 ( 4 ) , 196 ( 9 ) , 197 ( 2 ) , 198 (29) M + , 197 ( 5 ) , 
and 198 ( 1 ) . Two of t h e major product s were i s o l a t e d (20 mg e a c h , 90% 
gc pure) by p r e p a r a t i v e l i q u i d chromatography of 1 gram of t h e r e a c t i o n 
products on a E. M. Merck S i l i c a Gel 60 prepacked column u s i n g pentane 
as an e l u t a n t . The 1 H NMR (CDC1 3) spectrum of 1 , 3 - b i s ( 2 1 , 5 ' - d i h y d r o -
phenyl )propane had absorbance a t 6 1 .23 ( 2 . 0 H, m, a l i p h a t i c ) , 1 .60 ( 7 . 8 
H, m, a l l y l i c ) , 2 . 5 3 ( 3 . 9 H, broad s , a l l y l i c ) , and 5 .57 ( 6 . 0 H, m, 
v i n y l i c ) . The 1 H NMR(CDC13) spectrum of l - ( 2 1 , 5 ! - d i h y d r o p h e n y l ) - 3 -
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phenylpropane had absorbance at 6 1 .23 ( 1 . 8 H, m, a l i p h a t i c ) , 1 .6 ( 4 . 0 
H, m, a l l y l i c ) , 2 .67 ( 4 . 2 H, m, a l l y l i c and b e n z y l i c ) , 5 .67 ( 3 . 0 H, 
broad s , v i n y l i c ) , and 7.17 ( 4 . 9 H, s , a r o m a t i c ) . 
In r e a c t i o n 1 -112 , a n a l y s i s o f a sample of Cs-K-Na a l l o y ( 0 . 1 8 2 0 
g, d i s s o l v e d i n water ) by f lame e m i s s i o n s p e c t r o s c o p y at 5890 A f o r 
Na, 4556 A f o r Cs, and 4044 A f o r K and comparison w i t h t h e % e m i s s i o n 
a t each wave length w i t h s o l u t i o n s o f t h e r e s p e c t i v e a l k a l i m e t a l c h l o r i d e 
of known c o n c e n t r a t i o n gave an a l l o y c o m p o s i t i o n of 4 3 . 6 atom % Cs, 4 2 . 6 
atom % K, and 1 3 . 8 atom % Na b e f o r e the a d d i t i o n of 1 , 3 - d i p h e n y I p r o p a n e . 
The Cs-K-Na a l l o y ( 8 1 . 2 mg-atoms Cs; 7 9 . 4 mg-atoms K; 2 5 . 5 mg-atoms Na) 
i n a b l u e THF (250 ml) s o l u t i o n was c o o l e d t o -75°C w i t h v i g o r o u s s t i r ­
r i n g . At t h i s t emperature , 4 . 0 5 5 1 g ( 2 0 . 6 6 mmol) of 1 , 3 - d i p h e n y l p r o p a n e 
i n f i v e ml of THF was s y r i n g e d i n t o the f l a s k . The s o l u t i o n c o l o r 
changed from b l u e t o g r e e n . The r e a c t i o n mix ture was s t i r r e d for one 
hour a t - 7 5 ° C , f o r one hour a t - 6 0 ° C , and then one hour a t - 2 0 ° C . At 
t h i s t emperature , a second a l l o y sample ( 0 . 0 4 5 6 g ) was removed from t h e 
f l a s k and d i s s o l v e d i n w a t e r . Flame e m i s s i o n a n a l y s i s of t h i s sample 
gave an a l l o y compos i t i on of 3 3 . 9 atom % Cs, 4 9 . 8 atom % K, and 1 6 . 3 
atom % Na. At - 2 0 ° C , a sample of t h e r e a c t i o n mix ture was s iphoned i n t o 
a quartz ESR t u b e . The ESR spectrum of t h i s sample , run a t - 8 0 ° C , had 
a broad peak w i t h no f i n e s t r u c t u r e a t g = 2 . 1 0 0 1 (doub le t s t a t e , no 
t r i p l e t s t a t e was o b s e r v e d ) . The peak i n t e n s i t y , when compared t o the 
peak i n t e n s i t y of a measured sample of 2 , 2 - d i p h e n y l - l - p i c r y l h y d r a z y l 
i n THF run under i d e n t i c a l c o n d i t i o n s , gave a r a d i c a l a n i o n c o n c e n t r a -
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t i o n of 5 .15 x 10 , molar . S i n c e t h e c o n c e n t r a t i o n of 1 , 3 - d i p h e n y l ­
propane was 8 . 1 6 x 10 5 molar and t h e c o n c e n t r a t i o n of a v a i l a b l e aromat ic 
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r i n g s was 1 6 . 3 2 x 1 0 m o l a r , t h e y i e l d o f r a d i c a l a n i o n b a s e d on t h e 
c o n c e n t r a t i o n o f a r o m a t i c r i n g s w a s 3 1 . 5 m o l e %. A f i v e ml s a m p l e o f 
t h e r e a c t i o n m i x t u r e w a s t h e n p r o t o n a t e d . By g c a n a l y s i s o n a Carbowax 
20-M co lumn ( I , 1 9 0 ° C ) , t h e f o l l o w i n g p r o d u c t s ( r e l a t i v e a r e a %, g c 
r e t e n t i o n t i m e ) w e r e o b s e r v e d : 1 , 3 - b i s ( 2 1 , 5 ' - d i h y d r o p h e n y l ) p r o p a n e 
( 3 4 . 3 r e l . a r e a %, 1 0 . 2 m i n . ) , a d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e ( 7 . 6 r e l . 
a r e a %, 1 3 . 8 m i n . ) , 1 - ( 2 ' , 5 1 - d i h y d r o p h e n y l ) - 3 - p h e n y I p r o p a n e ( 1 7 . 3 r e l . 
a r e a %, 1 5 . 8 m i n . ) , and 1 , 3 - d i p h e n y I p r o p a n e ( 4 0 . 8 r e l . a r e a %, 1 8 . 6 
m i n . ) . Then t h e b u l k o f r e a c t i o n m i x t u r e was s i p h o n e d i n t o a s o l u t i o n 
o f 1 8 3 m g - a t o m s o f i o d i n e i n 4 0 0 ml o f THF. T h i s s o l u t i o n was t h e n 
e x t r a c t e d w i t h a q u e o u s s o d i u m t h i o s u l f a t e t o r e m o v e t h e i o d i n e . Thus 
a f t e r s t a n d a r d w o r k - u p and g c a n a l y s i s o n t h e Carbowax 20-M c o l u m n ( I , 
1 9 0 ° C ) o n l y 1 , 3 - d i p h e n y l p r o p a n e w a s o b s e r v e d . The s a m p l e w a s c o n c e n ­
t r a t e d on t h e r o t a t i n g e v a p o r a t o r t o 4 . 5 9 9 5 g o f c r u d e 1 , 3 d i p h e n y l -
p r o p a n e . The "*"H NMR (CCl^) s p e c t r u m o f t h i s s a m p l e , w h i c h w a s i d e n t i c a l 
t o t h a t o f a u t h e n t i c 1 , 3 - d i p h e n y I p r o p a n e , had a b s o r b a n c e a t 6 1 . 9 3 ( 2 . 3 
H, m, a l i p h a t i c ) , 2 . 6 3 ( 3 . 9 H, t , b e n z y l i c ) , and 7 . 1 2 ( 1 0 . 0 H, s , a r o ­
m a t i c ) . 
I n r e a c t i o n 1 1 - 1 5 , a n a l y s i s o f a s a m p l e o f C s - K - N a a l l o y ( 0 . 6 9 5 1 
g , d i s s o l v e d i n w a t e r ) by f l a m e e m i s s i o n s p e c t r o s c o p y g a v e a n a l l o y 
c o m p o s i t i o n o f 5 6 . 6 atom % C s , 3 9 . 8 a tom % K, and 3 . 6 a t o m % Na b e f o r e 
t h e a d d i t i o n o f 1 , 3 - d i p h e n y l p r o p a n e . The C s - K - N a a l l o y ( 8 5 . 6 4 m g - a t o m s 
Cs ; 6 0 . 2 2 m g - a t o m s K; 5 . 4 5 m g - a t o m s N a ) i n t h e b l u e THF ( 2 5 0 m l ) w a s 
c o o l e d t o - 7 5 ° C w i t h v i g o r o u s s t i r r i n g . At t h i s t e m p e r a t u r e , 4 . 0 3 6 2 g 
( 2 0 . 5 6 mmol) o f 1 , 3 d i p h e n y I p r o p a n e i n 5 ml THF w a s s y r i n g e d i n t o t h e 
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f l a s k . The s o l u t i o n c o l o r changed from b l u e to green w i t h i n t h i r t y 
seconds of the a d d i t i o n . The r e a c t i o n mix ture was s t i r r e d f o r 120 
minutes at - 7 5 ° C , 20 minutes a t - 6 0 ° C , 25 minutes at - 5 0 ° C , and then 
75 minutes a t - 2 0 ° C . At t h i s t ime a second a l l o y sample (0 .2219 g) 
was removed from t h e f l a s k and d i s s o l v e d i n w a t e r . Flame e m i s s i o n 
a n a l y s i s of t h i s sample gave an a l l o y c o m p o s i t i o n of 4 2 . 9 atom % Cs, 
4 8 . 0 atom % Na, and 9 . 1 atom % Na. The r e a c t i o n mix ture was then 
s iphoned i n t o 500 ml of i c e w a t e r . Af t er s tandard work-up and gc 
a n a l y s i s on a Carbowax 20-M column ( I , 190°C) , t h e f o l l o w i n g products 
( r e l a t i v e area %, gc r e t e n t i o n t ime) were observed: 1 , 3 - b i s ( 2 ' , 5 ' -
d ihydrophenyl )propane ( 3 7 . 5 r e l . area %, 7 . 2 m i n . ) , unknown ( 1 . 3 r e l . 
area %, 8 . 2 m i n . ) , a d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e ( 8 . 9 r e l . area %, 8 .7 
m i n . ) , 1 - ( 2 ' , 5 ' - d i h y d r o p h e n y l ) - 3 - p h e n y I p r o p a n e ( 2 8 . 7 r e l . area %, 1 0 . 3 
m i n . ) , 1 , 3 - d i p h e n y l p r o p a n e ( 2 1 . 9 r e l . area %, 1 1 . 4 m i n . ) , and a d i h y d r o -
1 , 3 - d i p h e n y l p r o p a n e ( 1 . 7 r e l . a r e a %, 1 4 . 5 m i n . ) . 
R e a c t i o n of 1 ,3 -DiphenyIpropane w i t h Cs-K A l l o y ; A n a l y s i s 
of t h e A l l o y t o Determine t h e R e a c t i n g A l k a l i Meta l 
In r e a c t i o n 1 1 - 1 1 5 , a n a l y s i s "of a sample of Cs-K a l l o y ( 0 . 8 2 3 9 ± 
0 .0002 g Cs-K; 8 . 0 6 4 ± 0 . 0 1 0 mmol MOH) gave an a l l o y c o m p o s i t i o n of 
67 .2 ± 0 .5 atom % Cs and 3 2 . 8 ± 0 . 3 atom % K b e f o r e t h e a d d i t i o n of 
1 , 3 - d i p h e n y l p r o p a n e . The Cs-K a l l o y ( 3 5 . 0 3 mg-atoms Cs; 1 7 . 0 7 mg-atoms 
K) i n t h e b l u e THF (250 ml) s o l u t i o n was c o o l e d t o -20°C w i t h v i g o r o u s 
s t i r r i n g . At t h i s temperature , 1 .5894 g ( 8 . 1 0 mmol) of 1 , 3 - d i p h e n y l ­
propane i n f i v e ml of THF was s y r i n g e d i n t o t h e f l a s k . The s o l u t i o n 
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c o l o r immediate ly changed from b l u e t o green upon a d d i t i o n of t h e hydro­
carbon. A f t e r 25 m i n u t e s , however, the s o l u t i o n c o l o r changed from 
green to r e d . A f t e r t h r e e hours a t - 2 0 ° C , a n a l y s i s of a second a l l o y 
sample ( 0 . 2 4 8 6 ± 0 .0002 g Cs-K; 2 . 8 3 8 ± 0 . 0 1 0 mmol MOH) gave an a l l o y 
compos i t i on of 5 1 . 7 ± 0 . 4 atom % Cs and 4 8 . 3 ± 0 . 4 atom % K. The r e a c ­
t i o n mixture was then s iphoned i n t o 500 ml of i c e w a t e r . A f t e r s tandard 
work-up and gc a n a l y s i s on a Carbowax 20-M column (IV, 170°C) , the f o l ­
lowing products (mmol, mole % y i e l d based on 1 ,3 -d iphenyIpropane as t h e 
l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were o b s e r v e d : 1 , 3 - b i s ( 2 ' , 5 ' - d i h y d r o ­
pheny l ) propane ( 1 . 3 0 mmol, 1 6 . 0 mole %, 1 1 . 9 m i n . ) , a d i h y d r o - 1 , 3 -
diphenyIpropane ( 0 . 5 8 mmol, 7 . 2 mole %, 1 6 . 6 m i n . ) , 1 - ( 2 ' , 5 ' - d i h y d r o ­
p h e n y l ) ^ - pheny Ipropane ( 1 . 8 5 mmol, 2 2 . 8 mole %, 2 0 . 8 m i n . ) , and 1 , 3 -
dipheny Ipropane ( 1 . 2 4 mmol, 1 5 . 3 mole %, 2 3 . 8 m i n . ) . 
In r e a c t i o n I I I - 1 3 7 , a n a l y s i s of a sample of Cs-K a l l o y ( 0 . 7 9 3 6 ± 
0 .0002 g Cs-K; 7 .139 ± 0 . 0 1 0 mmol MOH) gave an a l l o y c o m p o s i t i o n of 
7 6 . 8 ± 0 . 5 atom % Cs and 2 3 . 2 ± 0 . 2 atom % K b e f o r e t h e a d d i t i o n of 
1 , 3 - d i p h e n y l p r o p a n e . The Cs-K a l l o y ( 5 4 . 0 4 mg-atoms Cs; 1 6 . 3 1 mg-atoms 
K) i n the b l u e THF (350 ml) s o l u t i o n , was c o o l e d t o -11°C w i t h v i g o r o u s 
s t i r r i n g . At t h i s t emperature , 3 . 7 1 6 1 g ( 1 8 . 9 3 mmol) of 1 , 3 - d i p h e n y l ­
propane i n t e n ml of THF was s y r i n g e d i n t o t h e f l a s k . The b l u e s o l u t i o n 
c o l o r d i sappeared upon t h e a d d i t i o n of t h i s hydrocarbon. The c o l o r l e s s 
s o l u t i o n r a p i d l y turned p ink and then dark g r e e n . A f t e r t e n m i n u t e s , 
the f l a s k c o l o r was r e d . Af t er t h r e e h o u r s , a n a l y s i s of a second a l l o y 
sample ( 0 . 6 9 4 1 ± 0 .0002 g Cs-K; 7 .720 ± 0 . 0 1 0 mmol MOH) gave an a l l o y 
c o m p o s i t i o n of 5 4 . 2 ± 0 . 4 atom % Cs and 4 5 . 8 ± 0 . 4 atom % K. The 
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r e a c t i o n mixture was then j e t t e d i n t o 500 ml of i c e w a t e r . A f t e r 
s tandard work-up and gc a n a l y s i s on a Carbowax 20-M column (IV, 140°C) , 
t h e f o l l o w i n g produc t s (mmol, mole % y i e l d based on 1 , 3 - d i p h e n y l ­
propane as t h e l i m i t i n g r e a g e n t , gc r e t e n t i o n t i m e ) were observed: 
l , 3 - b i s ( 2 ' , 5 ' - d i h y d r o p h e n y l ) p r o p a n e ( 0 . 2 5 mmol, 1 . 3 mole %, 7 . 6 m i n . ) , 
unknown (.0.07 mmol, 0 . 4 mole %, 9 . 0 m i n . ) , a d i h y d r o - 1 , 3 - d I p h e n y 1 -
propane ( 2 . 7 9 mmol, 1 4 . 8 mole %, 9 .9 m i n . ) , l - ( 2 ' , 5 ' - d i h y d r o p h e n y l ) - 3 -
phenylpropane ( 7 . 4 8 mmol, 3 9 . 5 mole %, 1 2 . 2 m i n . ) , 1 , 3 - d i p h e n y l p r o p a n e 
( 7 . 1 9 mmol, 3 8 . 0 mole %, 1 3 . 5 m i n . ) , and a d i h y d r o - 1 , 3 - d i p h e n y l p r o p a n e 
( 0 . 1 0 m m o l , 0 . 5 mole %, 1 7 . 8 m i n . ) . 
R e a c t i o n of Cyc lohexy l Ch lor ide w i t h Cs-K A l l o y at 25°C; 
A n a l y s i s of the A l l o y f o r the R e a c t i n g A l k a l i Meta l 
In r e a c t i o n I I I - 1 2 7 , a n a l y s i s of a sample o f Cs-K a l l o y ( 0 . 2 4 8 4 ± 
0 .0002 g Cs-K; 2 .515 ± 0 . 0 1 0 mmol MOH) gave an a l l o y c o m p o s i t i o n of 
6 3 . 6 ± 0 . 5 atom % Cs and 3 6 . 4 ± 0 . 4 atom % K b e f o r e the a d d i t i o n of 
c y c l o h e x y l c h l o r i d e . The Cs-K a l l o y ( 6 1 . 1 1 mg-atoms Cs; 3 4 . 9 4 mg-atoms 
K) i n the b l u e THF (350 ml) s o l u t i o n was v i g o r o u s l y s t i r r e d a t 25°C. 
At t h i s t emperature , 3 .0787 g ( 2 5 . 9 6 mmol) of c y c l o h e x y l c h l o r i d e i n 
t en ml of THF was added dropwise over a s e v e n minute p e r i o d . Upon a d d i ­
t i o n of t h e f i r s t drop t h e s o l u t i o n c o l o r changed r a p i d l y from b l u e t o 
p ink t o c o l o r l e s s . With a d d i t i o n a l drops of t h e c y c l o h e x y l c h l o r i d e 
s o l u t i o n the f l a s k c o l o r turned y e l l o w and t h e n green ( y e l l o w p r e c i p i t a t e 
i n a b l u e s o l u t i o n ) . A f t e r f i v e m i n u t e s , the f l a s k temperature had 
r i s e n from 25°C t o 30°C. At seven, m i n u t e s , a l l of t h e c h l o r i d e had 
been added and the f l a s k temperature was 37°C. At 18 m i n u t e s , a n a l y s i s 
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of a second a l l o y sample ( 1 . 8 9 0 0 g ± 0 . 0 0 2 0 g Cs-KTPB; 4 .892 ± 0 .010 
mmol MOH) gave an a l l o y c o m p o s i t i o n of 2 9 . 9 ± 0 . 3 atom % Cs and 7 0 . 1 
atom % K. At 38 m i n u t e s , the r e a c t i o n mixture was s iphoned i n t o 250 ml 
o f i c e water . A f t e r s tandard work-up and gc a n a l y s i s on a FFAP column 
(VII , 60° f o r 20 minutes and then temperature pro-ram a t 6 0 ° / m i n . t o 
140°C) , t h e f o l l o w i n g products (mmol, mole % y i e l d based on c y c l o h e x y l 
c h l o r i d e as the l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) were observed: 
cyc lohexane ( 2 2 . 9 2 mmol, 8 8 . 3 mole %, 2 . 6 m i n . ) , c y c l o h e x e n e ( 0 . 3 2 mmol, 
1 .2 mole %, 3 . 7 m i n . ) , and c y c l o h e x y l c h l o r i d e ( 0 . 3 6 mmol, 1 .4 mole %, 
2 2 . 0 m i n . ) . 
In r e a c t i o n IV-33 , a n a l y s i s of a sample of Cs-K a l l o y ( 0 . 2 8 5 3 ± 
0 .0002 g Cs-K, 2 .617 ± 0 . 0 1 0 mmol (MOH) gave an a l l o y c o m p o s i t i o n of 
7 4 . 5 ± 0 . 4 atom % Cs and 2 5 . 5 ± 0 . 3 atom % K b e f o r e t h e a d d i t i o n of 
c y c l o h e x y l c h l o r i d e . The Cs-K a l l o y ( 5 2 . 4 3 mg-atoms Cs; 1 7 . 9 0 mg-atoms 
K) i n t h e b l u e THF (300 ml) s o l u t i o n was v i g o r o u s l y s t i r r e d at 25°C. 
At t h i s t emperature , 2 . 2 6 1 2 g ( 1 9 . 0 6 mmol) of c y c l o h e x y l c h l o r i d e i n 
f i v e ml of THF was s y r i n g e d i n t o t h e r e a c t i o n f l a s k over a 30 second 
p e r i o d . Upon a d d i t i o n the b l u e THF s o l u t i o n became c o l o r l e s s . A f t e r 
30 s e c o n d s , the c o l o r was b r i g h t y e l l o w ; and a f t e r an a d d i t i o n a l 30 
s e c o n d s , the c o l o r was green ( y e l l o w p r e c i p i t a t e i n a b l u e s o l u t i o n ) . 
The r e a c t i o n m i x t u r e was s t i r r e d for 16 m i n u t e s at 25°C. At t h i s t i m e , 
a n a l y s i s of a second sample of t h e Cs-K a l l o y ( 0 . 2 8 5 0 ± 0 .0002 g Cs-K; 
3 . 0 2 8 ± 0 . 0 1 0 mmol MOH) gave an a l l o y c o m p o s i t i o n of 5 5 . 0 ± 0 . 4 atom % 
Cs and 4 5 . 0 ± 0 . 4 atom % K. At 45 m i n u t e s , t h e r e a c t i o n mix ture was 
j e t t e d i n t o 500 ml of i c e w a t e r . Af t er s tandard work-up and gc a n a l y s i s 
on a FFAP column (VI, 70°C) , t h e f o l l o w i n g product (mmol, mole % y i e l d 
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based on c y c l o h e x y l c h l o r i d e as t h e l i m i t i n g r e a g e n t , gc r e t e n t i o n t ime) 
was observed: c y c l o h e x a n e ( 1 8 . 6 1 mmol, 9 7 . 6 mole %, 2 . 6 m i n . ) . 
R e a c t i o n of 2 , 2 , 3 - T r i p h e n y l p r o p y l C h l o r i d e w i t h Cs-K-Na A l l o y ; 
A n a l y s i s of the A l l o y f o r t h e Reac t ing A l k a l i Metal 
In r e a c t i o n IV-105 , a n a l y s i s o f a sample of Cs-K-Na a l l o y 
( 0 . 4 4 0 2 ± 0.0002 g Cs-K-Na; 5 . 5 2 6 ± 0 . 0 1 0 mmol MOH; 1 . 8 5 0 ± 0 .010 g Cs-
KTPB) gave an a l l o y c o m p o s i t i o n of 4 7 . 0 ± 0 . 4 atom % Cs, 3 4 . 1 ± 0 . 4 
atom % K, and 1 8 . 9 ± 0 . 2 atom % Na b e f o r e t h e a d d i t i o n of t h e 2 , 2 , 3 -
t r i p h e n y l p r o p y l c h l o r i d e . The Cs-K-Na a l l o y ( 4 9 . 0 6 mg-atoms Cs; 3 5 . 5 6 
mg-atoms K; 1 9 . 6 9 mg-atoms Na) i n t h e b l u e THF (350 ml) s o l u t i o n was 
c o o l e d t o -40°C w i t h v i g o r o u s s t i r r i n g . At t h i s t emperature , 1 .4659 g 
( 4 . 7 8 mmol) of 2 , 2 , 3 - t r i p h e n y l p r o p y l c h l o r i d e i n t e n ml of THF was 
s y r i n g e d i n t o the r e a c t i o n f l a s k over a two minute p e r i o d . The f l a s k 
c o l o r i n s t a n t l y turned from b l u e t o r e d . A f t e r e i g h t m i n u t e s , a n a l y s i s 
of a second a l l o y sample ( 0 . 1 6 4 1 ± 0 .0002 g Cs-K-Na; 2 . 1 5 6 ± 0 . 0 1 0 mmol 
MOH; 0 .706 ± 0 . 0 1 0 g Cs-KTPB) gave an a l l o y c o m p o s i t i o n of 4 2 . 9 ± 0 . 4 
atom % Cs, 3 7 . 3 ± 0 . 4 atom % K, and 1 9 . 8 ± 0 . 2 atom % Na. The r e a c t i o n 
mixture was then s iphoned onto crushed Dry I c e . (Dry I c e was a l s o added 
t o the r e a c t i o n f l a s k t o carbonate t h e remaining r e s i d u a l m a t e r i a l . 
A f t e r t e n m i n u t e s , 100 ml of 95% EtOH was added t o both t h e r e a c t i o n 
and c a r b o n a t i o n f l a s k s . ) A f t e r s tandard work-up and gc a n a l y s i s on a 
SE-30 column (X, 210°C) , t h e methyl, e s t e r s of t h e f o l l o w i n g a c i d s (mmol, 
mole % y i e l d based on 2 , 2 , 3 - t r i p h e n y l p r o p y l c h l o r i d e as the l i m i t i n g 
r e a g e n t , gc r e t e n t i o n t ime) were o b s e r v e d : 2 , 2 - d i p h e n y l p r o p i o n i c a c i d 
( 0 . 6 0 mmol, 1 2 . 6 mole %, 2 . 0 m i n . ) and 2 - b e n z y l - 2 , 3 - d i p h e n y l p r o p i o n i c 
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a c i d ( 0 . 5 3 mmol, 1 1 . 1 mole %, 1 1 . 7 m i n . ) . On t h e same b a s i s , gc 
a n a l y s i s on t h i s column (X, 180°C) gave the methyl e s t e r of p h e n y l a c e t i c 
a c i d ( 2 . 8 6 mmoli 5 9 . 9 mole %, 1 . 8 m i n . ) . On t h e same b a s i s , gc a n a l y s i s 
on an OV-17 column ( I I , 180°C) gave the f o l l o w i n g n e u t r a l compounds: 
1 ,1 -d ipheny le thar ie ( 0 . 0 3 2 mmol, 0 .7 mole %, 2 . 1 m i n . ) , 1 , 2 , 3 - t r i p h e n y 1 -
propane ( 0 . 0 0 7 mmol, 0 . 2 mole •%,.' 1 4 . 9 m i n . ) , 2 , 2 , 3 - t r i p h e n y l p r o p a n e 
( 0 . 0 0 3 mmol, 0 . 1 mole %, 1 5 . 9 m i n . ) , unknown ( 0 . 0 0 4 mmol, 0 . 1 mole %, 
1 6 . 9 m i n . ) , unknown* ( 0 . 0 0 8 mmol, 0 . 2 mole %, 2 4 . 1 m i n . ) , unknown** 
( 0 . 0 5 2 mmol, 2 . 2 mole %, 5 1 . 7 m i n . ) . A f t e r d i s t i l l a t i o n of t h e s o l v e n t 
through a t w e l v e inch v i g r e u x column, t h e w e i g h t of t h e crude a c i d s was 
1 .1280 g and t h e w e i g h t of the n e u t r a l produc t s was 0 .5456 g. 
The gc r e s p o n s e f a c t o r f o r t h e s e compounds was assumed to be t h e 
same as t r i p h e n y I p r o p a n e . 
** 
This compound may be a t e t r a p h e n y l b u t a n e and thus has h a l f t h e 




R e a c t i o n of Cesium A l l o y s w i t h Benzene and A l k y l b e n z e n e s 
The r e s u l t s of the r e a c t i o n of ces ium a l l o y s w i t h benzene , t o l u ­
ene , m-xy lene , j v - x y l e n e , and t - b u t y l b e n z e n e are t a b u l a t e d i n Table 3 . 
In t h e s e r e a c t i o n s b e n z e n e , t o l u e n e , and m-xylene (and not p - x y l e n e or 
J t -buty lbenzene) r e a c t w i t h e x c e s s Cs-K-Na a l l o y a t -45°C i n THF ( s e e 
Scheme 9) t o form immediate ly a b l a c k p r e c i p i t a t e ( I ) and then a y e l l o w 
p r e c i p i t a t e ( I I ) which upon p r o t o n a t i o n g i v e s a h i g h y i e l d of t h e dimer 
( I I I ) . 
I t has been found t h a t i n t h e r e a c t i o n of ces ium a l l o y s w i t h 
benzene t h a t l ower ing t h e r e a c t i o n temperature below t h e f r e e z i n g p o i n t 
of Cs-K a l l o y reduces t h e product y i e l d s i n c e t h e r e a c t i v i t y of t h e 
a l l o y i s dependent upon rap id d i f f u s i o n of ces ium to t h e l i q u i d a l l o y ' s 
s u r f a c e . For example, i n experiment I I I - 1 2 7 , the r e a c t i o n of benzene 
w i t h e x c e s s Cs-K a l l o y ( fp = -37°C) i n THF a t -70°C f o r t h r e e hours and 
then a t -25°C f o r t h r e e and a h a l f hours gave a f t e r p r o t o n a t i o n c y c l o -
hexene ( 8 . 6 mole %), 1 , 4 -d ihydrobenzene (10 .7 mole %), 1 , 1 * , 4 , 4 ' - t e t r a ­
hydrobipheny l ( 3 . 5 mole %), and benzene ( 7 0 . 6 mole %). The y i e l d of 
d imer i c product s i s a l s o d imin i shed when t h e bulk of t h e r e a c t i o n m i x ­
t u r e i n c l u d i n g t h e e x c e s s ces ium a l l o y i s r a p i d l y s iphoned i n t o i c e 
w a t e r . For example, i n experiment I I I - 5 , t h e r e a c t i o n of benzene w i t h 
e x c e s s Cs^K a l l o y i n THF a t -20°C f o r 4 . 3 hours gave a f t e r p r o t o n a t i o n 
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Table 3 . Extent of D i m e r i z a t i o n of Cesium Benzenide and 
Cesium A l k y l b e n z e n i d e s 
R e a c t i o n C o n d i t i o n s Y i e l d Dimer Rad ica l Anion 
(mole %) Y i e l d a 
Benzene ( I I I - 1 5 ) 
Cs-K; - 3 7 ° t o - 1 6 ° C ; 5 nr . 32.4% 77.3% 
Benzene ( I I I - 1 4 5 ) 
Cs-K; -18°C; 2 h r . 58.4% 91.9% 
Benzene ( I I I - 1 5 3 ) 
Cs-K-Na; - 4 5 ° C ; 3 h r . 75.7% 93.5% 
Benzene ( 3 - 1 6 2 ) 
7 9 . 1 b » C Cs-sand; - 7 5 ° t o +5°C; 6 h r . 42.7%° 
Toluene (11 -85 ) 
Cs-sand; - 7 5 ° t o - 1 6 ° C ; 3 . 5 h r . 10 .2% c 21.3%° 
Toluene ( IV-51) 
Cs-K-Na; - 4 5 ° C ; 3 h r . 58.1% 89.1% 
Toluene (IV-69) 
Cs-K-Na; - 5 0 ° C ; 4 . 5 h r . 47.2% 90.6% 
^ - x y l e n e ( IV-121) 
Cs-K-Na; - 4 5 ° t o +20°C; 22 hr. 0 . 1 % e 0.5% 
m-xylene (IV-123) 
Cs-K-Na; - 4 8 ° C ; 3 . 5 h r . 38.1% 83.3% 
m-xylene ( IV-131) 
Cs-K-Na; -48°C; 3 h r . 54.8% 81.6% 
t - b u t y l b e n z e n e IV-79 , 
Cs-K-Na; - 4 0 ° t o +67°C; 46 h r . 0.7% e 26.8% 
The r a d i c a l an ion y i e l d s a r e based on t h e t o t a l observed reduc­
t i o n and d i m e r i z a t i o n product s a f t e r h y d r o l y s i s . 
^This was L o n g f i e l d ' s b e s t y i e l d of the benzene dimer. Reference 
4 , p . 70. 
c 
These y i e l d s a r e based on cesium m e t a l a s t h e l i m i t i n g r e a g e n t . 
^The _t -buty lbenzene r e a c t e d a f t e r s e v e n hours a t 27°C; t h e r e a c ­
t i v e i n t e r m e d i a t e was r a p i d l y pro tonated by t h e THF a f t e r r a i s i n g t h e 
temperature t o 67°C. 
e 
The i d e n t i t y of t h e d imer ic p r o d u c t s , i n v i ew of t h e low y i e l d s , 
was based s o l e l y on gc r e t e n t i o n t i m e s . 
Scheme 9 
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c y c l o h e x e n e ( 5 2 . 2 mole %), 1 ,4 -d ihydrobenzene ( 7 . 3 mole %), 1 , 1 ' 4 , 4 ' -
t e t r a h y d r o b i p h e n y l ( 6 . 6 mole %) and benzene ( 3 2 . 5 mole %). Assuming 
t h a t one a l k a l i meta l atom i s r e q u i r e d f o r each added proton i n t h e 
products t h e e x t e n t of r e d u c t i o n i s 230% as compared t o 100% i f on ly 
t h e o r g a n o m e t a l l i c had been p r o t o n a t e d . In r e a c t i o n 1 1 1 - 1 4 5 , which 
a v o i d s the p r e v i o u s problems, benzene was r e a c t e d w i t h e x c e s s Cs-K 
a l l o y i n THF a t - 1 8 ° C f o r four h o u r s . The a l l o y was a l lowed t o s e t t l e 
t o t h e bottom of t h e r e a c t i o n f l a s k . Then t h e r e a c t i o n mixture was 
c a r e f u l l y j e t t e d i n t o i c e water through a s t a i n l e s s s t e e l c a n u l a . By 
s l o w l y lower ing t h e canula t o t h e bottom of t h e r e a c t i o n f l a s k 
s i p h o n i n g of t h e Cs-K a l l o y i n t o t h e i c e water was a v o i d e d . The compos i ­
t i o n of the p r o t o n a t i o n product s was c y c l o h e x e n e ( 2 . 6 mole %), 1 , 4 -
dihydrobenzene ( 1 1 . 6 mole %), 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ( 5 8 . 4 mole 
%), and benzene ( 1 9 . 2 mole %). In t h i s r e a c t i o n the s t a r t i n g a l l o y 
c o m p o s i t i o n was found t o be 7 4 . 6 atom % Cs and 2 5 . 4 atom % K. The f i n a l 
a l l o y c o m p o s i t i o n was 5 4 . 5 atom % Cs and 4 5 . 5 atom % K. The c a l c u l a t e d 
a l l o y c o m p o s i t i o n based on the e x t e n t of r e d u c t i o n and d i m e r i z a t i o n 
of the o r g a n i c products was 5 3 . 7 atom % Cs and 4 6 . 3 atom % K. Thus 
cesium meta l i s s e l e c t i v e l y e x t r a c t e d from the a l l o y by b e n z e n e . Thus 
t h e r a t i o of r e a c t e d ces ium t o benzene i s 0 . 9 2 : 1 . 0 0 based on the o r g a n i c 
products and 0 . 9 0 : 1 . 0 0 based on t h e a l l o y a n a l y s i s . 
In a more e f f e c t i v e procedure ( r e a c t i o n I I I - 1 5 3 ) , benzene was 
r e a c t e d w i t h e x c e s s Cs-K-Na a l l o y a t -45°C i n THF for t h r e e hours and 
the r e a c t i o n mixture was c a r e f u l l y j e t t e d i n t o i c e w a t e r . The composi ­
t i o n of t h e p r o t o n a t i o n products was 1 ,4 -d ihydrobenzene ( 8 . 9 mole %), 
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1,1',4,4 ' - tetrahydrobiphenyl (75.7 mole %), and benzene (14.6 mole %). 
The compos i t i on of t h e a l l o y b e f o r e and a f t e r r e a c t i o n i n d i c a t e s t h a t 
ces ium i s s e l e c t i v e l y e x t r a c t e d from t h e Cs-K-Na a l l o y by benzene ( s e e 
Table 4). Thus t h e r a t i o of r e a c t e d ces ium t o benzene i s 0.94:1.00 
based on t h e o r g a n i c product s and 0.87:1.00 based on t h e a l l o y a n a l y s i s . 
This data i n d i c a t e s t h a t t h e r e a c t i o n proceeds toward t h e t h e o r e t i c a l 
r a t i o of one ces ium atom r e a c t i n g w i t h each benzene r i n g and t h a t o n l y 
a s m a l l amount of a d d i t i o n a l r e d u c t i o n o c c u r s dur ing p r o t o n a t i o n . 
Under i d e n t i c a l c o n d i t i o n s t o t h o s e which gave the h i g h e s t y i e l d 
of t h e benzene dimer, t o l u e n e r e a c t s w i t h Cs-K-Na a l l o y t o form t h e 
corresponding r a d i c a l anion which d i m e r i z e s t o the d i a n i o n which g i v e s 
a f t e r p r o t o n a t i o n a 45.4 mole % ( i n r e a c t i o n IV-69) t o a 56 .3 mole % 
y i e l d ( i n r e a c t i o n IV-51) of 3 ,3 ' -dimethy1-1,1',4,4' - tetrahydrobiphenyl 
( s e e Table 5). Dehydrogenat ion o f t h i s dimer w i t h e x c e s s DDQ gave 
3 , 3 - ' d i m e t h y l b i p h e n y l (99.1%), 2 , 3 ' - d i m e t h y l b i p h e n y l (0.7%) and 
2,2 ' -d imethy lb ipheny l (0.2%). Thus the d i m e r i z a t i o n of ces ium t o l u e n i d e 
f a v o r s c o u p l i n g of the r a d i c a l anion a t t h e p o s i t i o n meta t o the methyl 
group by 99.5%. The e s r spectrum of t h e t o l u e n e r a d i c a l an ion can be 
i n t e r p r e t e d i n terms of the HOMO s t r u c t u r e IV, 6 6 d i m e r i z a t i o n of the 
r a d i c a l anion would be e x p e c t e d t o t a k e p l a c e a t t h e p o s i t i o n s of h i g h ­
e s t e l e c t r o n s p i n d e n s i t y , hence a t t h e or tho or meta p o s i t i o n s . How­
e v e r , d i m e r i z a t i o n t a k e s p l a c e p r e f e r e n t i a l l y a t t h e meta p o s i t i o n s i n c e 
L. Salem, "The Molecular O r b i t a l Theory of Conjugated S y s t e m s . " 
W. A. Benjamin I n c . , New York, 1966 , p . 257 . 
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Table 4 . A n a l y s i s of the Cesium A l l o y s f o r t h e R e a c t i n g A l k a l i Metal 
i n t h e R e a c t i o n s of Benzene and Toluene 
Composit ion of t h e A l l o y i n Atom % 
R e a c t i o n I n i t i a l F i n a l C a l c u l a t e d 
Benzene ( 1 1 - 1 2 2 ) 78.6% C s 58.5% C s 66.7% C s 1 
21.4% K 41.5% K 33.3% K 
Benzene ( I I I - 1 4 5 ) 74.6% C s 54.5% C s 53.7% C s 1 
25.4% K 45.5% K 46.3% K 
Benzene (111 -45 ) 47.6% C s 38.9% C s 35.5% C s 2 
40.3% K 49.9% K 49.6% K 
12.1% Na 11.2% Na 14.9% Na 
Benzene ( I I I - 1 5 3 ) 42.1% C s 33.9% C s 33.3% C s 1 
48.9% K 55.7% K 56.4% K 
9.0% Na 10.4% Na 10.3% Na 
Toluene (IV-69) 48.3% C s 37.8% C s 39.3% C s 1 
44.5% K 53.2% K 52.3% K 
7.2% Na 9.0% Na 8.4% Na 
The c a l c u l a t e d a l l o y c o m p o s i t i o n i s based on t h e e x t e n t of 
r e d u c t i o n of t h e o r g a n i c product s assuming o n l y ces ium meta l r e a c t s . 
2 
This c a l c u l a t e d a l l o y c o m p o s i t i o n was based on a p o s t u l a t e d 
r e a c t i o n of one ces ium atom per benzene r i n g . 
Table 5 . A n a l y s i s of t h e Products of the R e a c t i o n of Toluene w i t h Cs-K-Na A l l o y or Cesium Sand 
Products React ion Y i e l d s (mole %) 
R e a c t i o n IV-51 
Cs-K-Na 
- 4 5 ° C ; 3 . 0 nr . 
R e a c t i o n IV-69 
Cs-K-Na 
-45°C; 4 . 5 h r . 
R e a c t i o n 11-85 
Cesium sand 
- 7 5 ° t o - 1 6 ° C ; 
3 . 5 h r . 
2 , 5 - d i h y d r o t o l u e n e 
t o l u e n e 
3 , 3 ' - d i m e t h y 1 - 1 , l 1 , 4 , 4 f - t e t r a h y d r o b i p h e n y l 
3 , 3 ' - d i m e t h y 1 - 1 , l f , 2 , 4 ' - t e t r a h y d r o b i p h e n y l 
and/ or 










e x c e s s 
10 .2% a 
These y i e l d s a r e based on Cs as the l i m i t i n g r e a g e n t . 
^This y i e l d i n c l u d e s a 0 . 1 6 mole % y i e l d o f 2 , 3 ' - d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l and a 
0 . 0 0 5 mole % y i e l d of 2 , 2 ' - d i m e t h y 1 - 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l . 
i—1 o 
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t h i s p r o c e s s l e a d s t o t h e most s t a b l e an ion V when t h e methyl group 
i s a t a noda l p o s i t i o n i n t h e HOMO (and hence d e s t a b i l i z e t h e anion 
a s l i t t l e a s p o s s i b l e ) . The s p e c t r o s c o p i c e v i d e n c e which proves t h a t 
the aromat ized t o l u e n e dimer, IV-69-DDQ, i s 3 , 3 ' - d i m e t h y l b i p h e n y l i s 
summarized i n Tab les 6 and 7 and F i g u r e s 8 and 9 . In r e a c t i o n IV-69 , 
a n a l y s i s of t h e Cs-K-Na a l l o y b e f o r e and a f t e r r e a c t i o n shows t h a t t o l ­
uene l i k e benzene s e l e c t i v e l y e x t r a c t s ces ium meta l from t h e l i q u i d 
a l l o y t o form ces ium t o l u e n i d e ( s e e Table 3 ) . Thus t h e r a t i o of r e a c t e d 
ces ium to t o l u e n e i s 0 . 9 1 : 1 . 0 0 based on t h e o r g a n i c produc t s and 
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Table 6. Comparison of t h e UV Spec tra (95% EtOH) of Aromatized Toluene 
Dimer (IV-69-DDQ) and Aromatized m-Xylene Dimer ( I V - 1 3 1 -
DDQ) w i t h I somer ic D i m e t h y l b i p h e n y l s (DMB) 
Compound X(A) e 
1) IV-69-DDQ 
( 3 , 3 1 - d i m e t h y l b i p h e n y l ) 2500 15 ,856 
2) 3 , 3 ' - d i m e t h y l b i p h e n y l 2500 17 ,492 
3) 2 , 3 ' - d i m e t h y l b i p h e n y l 2375 1 1 , 2 1 0 
4) 2 , 2 ' - d i m e t h y l b i p h e n y l 2280 ( s h o u l d e r ) 3 0 , 4 3 3 
5) 4 , 4 ' - d ime t h y l b ipheny1 2550 2 2 , 1 5 8 
6) IV-131-DDQ 
( 3 , 3 ' , 5 , 5 ' - t e t r a m e t h y l b i p h e n y l ) 2550 1 5 , 6 7 0 
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5.0 M O O N S 6.0 
(1) IV-69-DDQ 






F R E Q U E N C Y ( C M 4 ) 
Figure 8. IR S p e c t r a (Neat) of t h e 5 . 0 t o 6 . 0 Micron Region 
f o r t h e Compounds L i s t e d i n Table 6. 
no 
Table 7. Comparison of the NMR (CCl^) of t h e Aromatized Toluene 
Dimer (IV-69-DDQ) and t h e Aromatized m-Xylene Dimer 
(IV-131-DDQ) w i t h I s o m e r i c D imethy lb iphenyIs 
1) IV-69-DDQ ( 3 , 3 * - d i m e t h y l b i p h e n y l ) : 
6 2 . 35 ( 6 . 0 H, s , methy l ) and 7 ,18 ( 7 . 9 H, m, a r o m a t i c ) . 
2) 3 , 3 ' - d i m e t h y l b i p h e n y l (3 ,3 ' -DMB): 
6 2 . 3 5 ( 6 . 0 H, s , methy l ) and 7 . 1 8 ( 7 . 8 H, m, a r o m a t i c ) . 
3) 2 , 3 ' - d i m e t h y l b i p h e n y l (2 ,3 , -DMB): 
6 2 . 2 0 ( 3 . 0 H, s , o - m e t h y l ) , 2 . 3 3 ( 3 . 0 H, s , m-methyl) and 7 . 1 
( 7 . 9 H, m, a r o m a t i c ) . 
4) 2 , 2 * - d i m e t h y l b i p h e n y l (2 ,2 ' -DMB): 
6 2 . 0 0 ( 6 . 0 H, s , ' methy l ) and 7 . 0 8 ( 8 . 0 H, m, a r o m a t i c ) . 
5) 4 , 4 , - d i m e t h y l b i p h e n y l (4 ,4 , -DMB): 
6 2 . 3 2 ( 6 . 0 H, s , methy l ) and 7 . 2 3 ( 8 . 1 H, q, a r o m a t i c ) . 
6) IV-131-DDQ ( 3 , 3 ' , 5 , 5 1 - t e t r a m e t h y l b i p h e n y l ) : 
6 2 . 3 ( 1 2 . 0 H, s , m e t h y l ) , 6 . 8 ( 2 . 0 H, s , p , a r o m a t i c ) , and 7 .07 
( 4 . 0 H, s , o - a r o m a t i c ) . 
I l l 
Figure 9. H NMR (CCl^) S p e c t r a o f t h e Compounds 
L i s t e d i n Table 7. 
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e x p e c t e d t o take p l a c e a t the p o s i t i o n s of h i g h e s t e l e c t r o n s p i n d e n s i t y . 
D i m e r i z a t i o n t a k e s p l a c e a t t h e p o s i t i o n meta t o both methyl groups s i n c e 
t h i s p r o c e s s l e a d s t o the most s t a b l e an ion VII when t h e methyl groups 
are a t the nodal p o s i t i o n s i n the,HOMO (and hence d e s t a b i l i z e t h e a n i o n 
as l i t t l e as p o s s i b l e ) . 
1 . 0 0 : 1 . 0 0 based on the a l l o y a n a l y s i s . 
Like benzene and t o l u e n e , m-xylene r e a c t s w i t h e x c e s s Gs-K-Na a l l o y 
i n THF a t -48°C to g i v e t h e m-xy lene r a d i c a l an ion which l a r g e l y dimer-
i z e s . Thus a f t e r p r o t o n a t i o n t h e r e i s a 5 4 . 8 mole % y i e l d of 
3 , 3 ' , 5 , 5 ' - t e t r a m e t h y l - l , l ' ^ ^ ' - t e t r a h y d r o b i p h e n y l ( s e e Table 8 ) . Thus 
the d i m e r i z a t i o n of ces ium m - x y l e n i d e f a v o r s c o u p l i n g a t t h e p o s i t i o n 
meta to both methyl groups . This can be understood s i n c e d i m e r i z a t i o n 
of t h e m-xylene r a d i c a l a n i o n ( i . e . , HOMO s t r u c t u r e VI) would be 
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Table 8. A n a l y s i s of t h e Products of the R e a c t i o n of 
m-xylene w i t h Cs-K-Na A l l o y 
Product R e a c t i o n Y i e l d s (mole %) 
IV-123 IV-131 
2 , 5 - d i h y d r o - m - x y l e n e 22.6% 13.4% 
m-xylene 39.3% 27.7% 
3 , 3 ' , 5 , 5 1 - t e t r a m e t h y 1 -
1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l 38.1% 54.8% 
1 1 4 
U n l i k e m - x y l e n e , p - x y l e n e d o e s n o t r e a c t w i t h e x c e s s Cs -K-Na a l l o y 
a t - 4 5 ° C i n THF. T h i s may b e d u e t o t h e f a c t t h a t t h e HOMO o f a n i o n 
V I I I f o r m e d b y t h e d i m e r i z a t i o n o f t h e p - x y l e n e r a d i c a l a n i o n i s 
d e s t a b i l i z e d by h a v i n g two m e t h y l g r o u p s on c a r b o n s b e a r i n g e x c e s s n e g a ­
t i v e c h a n g e . 
V I I I 
U n l i k e t o l u e n e , t - b u t y l b e n z e n e d o e s n o t r e a c t w i t h e x c e s s Cs -K-Na 
a l l o y i n THF a t - 4 5 ° C . T h i s i s n o t s u r p r i s i n g s i n c e t - b u t y l b e n z e n e i s 
29 
25 t i m e s l e s s s t a b l e a s a r a d i c a l a n i o n t h a n t o l u e n e . However s i n c e 
67 
i t i s known t h a t c e s i u m f o r m s c o n t a c t i o n p a i r s i n THF w i t h a n i o n s and 
t h a t t h e p o t a s s i u m c a t i o n i n t h e r a d i c a l a n i o n o f [ 2 . 2 ] p a r a c y c l o p h a n e i s 
6 8 
c e n t e r e d a b o v e t h e a r o m a t i c r i n g , t h e b u l k y t - b u t y l g r o u p i n 
j t - b u t y l b e n z e n e m u s t i n t e r f e r e w i t h t h e a p p r o a c h o f t h e c e s i u m a t o m t o 
t h e c l o u d o f t h e b e n z e n e r i n g . I n F i g u r e 1 0 , two m o d e l s a r e p r o p o s e d t o 
67 
68 , 
T. E. H o g e n - E s c h and J . Smid , J . Amer. Chem. S o c , 8 8 , 307 ( 1 9 6 6 ) 
3 
F. G e r s o n , W. B. M a r t i n , J r . , and C. W y d l e r , H e l v . Chim. A c t a . , 
5 9 , 1 3 6 5 ( 1 9 7 6 ) . 
( 2 ) 
Figure 10, Bonding Model f o r t h e I n t e r a c t i o n of Cesium 
w i t h a Methyl Group ( l e f t ) and a _t-Butyl 
Group ( r i g h t on a Benzene Ring. 
1 1 6 
show t h e i n t e r a c t i o n o f c e s i u m w i t h a m e t h y l g r o u p . ( l e f t ) and a ^ - b u t y l -
g r o u p ( r i g h t ) on a b e n z e n e r i n g . I n m o d e l 1 , a c e s i u m c a t i o n ( r a d i u s 
1 . 6 9 A) i s b o n d e d t o a n a r y l r a d i c a l a n i o n a t t h e h a l f t h i c k n e s s ( 1 . 7 0 A) 
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o f a b e n z e n e r i n g . I n t h i s m o d e l t h e r e i s l i t t l e i n t e r f e r e n c e o f t h e 
c e s i u m c a t i o n w i t h t h e b u l k y t - b u t y l g r o u p . However i n m o d e l 2 , t h e 
c e s i u m atom ( r a d i u s 2 . 6 7 A) i s shown p e n e t r a t i n g t h e b e n z e n e r i n g i n a 
manner a n a l o g o u s t o t h a t o f t h e chromium a tom i n c h r o m a c e n e . Thus t h e 
d i s t a n c e b e t w e e n t h e s u r f a c e o f t h e m e t a l and t h e p l a n e o f t h e b e n z e n e 
r i n g i s 0 . 3 4 A a s i n c h r o m o c e n e . I n m o d e l 2 , t h e r e i s c o n s i d e r a b l e 
i n t e r a c t i o n b e t w e e n t h e c e s i u m atom and t h e b u l k y _ t - b u t y l g r o u p w h i c h 
c o u l d i n t e r f e r e o r p r e v e n t t h e f o r m a t i o n o f t h e r a d i c a l a n i o n . The 
t r u t h l i k e l y l i e s b e t w e e n t h e s e t w o e x t r e m e m o d e l s s i n c e i t h a s b e e n 
shown by S z w a r c and coworkers 7 "V that t h e r a d i u s o f a c e s i u m c a t i o n i n 
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THF a t - 4 5 ° C i s 2 . 4 5 A. I n s i m i l a r w o r k , H o g e n - E s c h and Smid h a v e 
shown t h a t t h e c e n t e r t o c e n t e r d i s t a n c e i n f l u o r e n y l c e s i u m i s 3 . 7 6 A . 
A t - 4 5 ° C t h e d i s t a n c e f rom t h e s u r f a c e o f t h e c e s i u m c a t i o n t o t h e p l a n e 
o f t h e b e n z e n e r i n g c o u l d b e 1 . 3 1 A b a s e d o n t h e p r e v i o u s w o r k . However 
e v e n a t t h i s d i s t a n c e , t h e c e s i u m c a t i o n o f r a d i u s 2 . 4 5 A w o u l d s l i g h t l y 
o v e r l a p t h e b u l k y _ t - b u t y l g r o u p . Ye t a s t h e t e m p e r a t u r e i s r a i s e d from 
- 4 5 ° C t o 25°C t h e e f f e c t i v e r a d i u s o f c e s i u m i n THF d e c r e a s e s f rom 2 . 45 A 
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to 2 . 2 5 A. This would e l i m i n a t e the i n t e r a c t i o n of t h e ces ium c a t i o n and 
t h e t - b u t y l group and may e x p l a i n why t - b u t y l b e n z e n e does r e a c t at 27°C 
w i t h Cs-K-Na a l l o y i n THF t o form a b l a c k p r e c i p i t a t e which g i v e s a 1 3 . 1 
mole % y i e l d of 2 , 5 - d i h y d r o - t - b u t y l b e n z e n e and 0 . 7 mole % y i e l d of dimers 
a f t e r p r o t o n a t i o n . 
R e a c t i o n s of Cesium Benzenide and Cesium m-Xylenide i n the 
Presence of 18-Crown-6 
In r e a c t i o n 1 1 - 5 3 , t h e a d d i t i o n of one molar e q u i v a l e n t of 1 8 -
crown-6 t o t h e b l a c k p r e c i p i t a t e of ces ium b e n z e n i d e from t h e r e a c t i o n 
of cesium sand w i t h benzene i n THF at - 7 0 ° g i v e s a f t e r warming t o 5° 
w i t h s t i r r i n g f o r one hour a b r i g h t red p r e c i p i t a t e i n a deep red s o l u ­
t i o n . P r o t o n a t i o n of t h i s s o l u t i o n w i t h i c e water gave an a lmost 
q u a n t i t a t i v e y i e l d of c y c l o h e x e n e and 1 ,4 -d ihydrobenzene and on ly a 
t r a c e of 1 , l 1 , 4 , 4 ' - t e t r a h y d r o b i p h e n y l . These r e s u l t s are very d i f f e r e n t 
from t h o s e of p r o t o n a t i o n of t h e e x p e c t e d ( a t -5°C) y e l l o w d i m e r i z a t i o n 
product , which g i v e s mainly 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l . I t i s p o s s i ­
b l e t h a t t h e red c o l o r i s due t o p r o t o n a t i o n of ces ium benzen ide by t h e 
18-crown-6 t o g i v e the red p e n t a d i e n y l anion IX. According t o mass s p e c ­
t r a l a n a l y s i s , i n r e a c t i o n 1 1 - 1 5 7 , t h e 1 ,4 -d ihydrobenzene o b t a i n e d from 
t h e quenching of t h e red an ion i n t o p a r t i a l l y f r o z e n deuter ium o x i d e 
c o n s i s t e d of a 0 . 4 7 : 1 . 0 0 r a t i o of l , 4 - c y c l o h e x a d i e n e - 3 d from anion IX t o 
1 , 4 - c y c l o h e x a d i e n e - 3 d - 6 d from the r a d i c a l a n i o n . 
In r e a c t i o n I V - 1 6 1 , t h e r e a c t i o n of benzene w i t h Cs-K-Na a l l o y i n 
THF a t -43°C i n t h e p r e s e n c e of two molar e q u i v a l e n t s of 18-crown-6 gave 




y i e l d of product ( b e n z o i c a c i d ) which l a r g e l y i s d e r i v e d from t h e c y c l o -
h e x a d i e n y l anion IX, 3 . 6 mole % of p r o d u c t s ( p h t h a l i c and t e r e p h t h a l i c 
a c i d s ) which are d e r i v e d from t h e benzene r a d i c a l a n i o n , and 1 7 . 6 mole % 
of product ( l a r g e l y £>o/-,o,_p_'-, a i i d p ^ ' - b i p h e n y l d i c a r b o x y l i c a c i d s ) 
d e r i v e d from t h e dimer X of t h e benzene r a d i c a l a n i o n . Thus the r a t i o 
of products d e r i v e d from the p e n t a d i e n y l a n i o n , r a d i c a l a n i o n , and dimer 
are i n the r a t i o of 0 . 9 6 : 0 . 2 1 : 1 . 0 0 . In the absence of t h e 18-crown-6 
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t h e r a t i o o f t h e s e product s would be 0 . 0 9 : 1 . 0 0 : 0 . 6 8 , hence c o n s i d e r a ­
b l e amount of the r a d i c a l anion had t o be pro tonated by t h e 18-crown-6 
t o account f o r the l a r g e amount of b e n z o i c a c i d d e r i v e d i n t h i s r e a c t i o n . 
The r e a c t i o n of m-xylene w i t h Cs-K-Na a l l o y i n THF a t -40°C i n 
t h e p r e s e n c e of one molar e q u i v a l e n t of 18-crown-6 gave on p r o t o n a t i o n 
a f t e r some t h r e e hours only monomeric hydrocarbons . For r e a c t i o n 
IV-147 , which was quenched w i t h deuter ium o x i d e , 6 3 . 6 mole % of 2 , 5 -
d ihydro-m-xy lene and 3 3 . 4 mole % m-xylene was o b t a i n e d . According t o 
1 13 
H and C NMR a n a l y s i s , t h e 2 , 5 - d i h y d r o - m - x y l e n e was monodeuterated and 
c o n s i s t e d of a 1 . 0 0 : 3 . 7 4 r a t i o o f XI t o X I I . In r e a c t i o n IV-157 w i t h 
two molar e q u i v a l e n t s of 18-crown-6 per mole of m - x y l e n e , the a c i d i c 
Reference 4 , p . 80 
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product from carbbnat ion and dehydrogenat ion c o n s i s t e d of about a 
1 . 0 0 : 3 . 8 6 r a t i o of XII I t o XIV. This d a t a i s i n good agreement w i t h the 
c o n c l u s i o n that 18-crown-6 p r o t o n a t e s t h e r a d i c a l an ion XV t o g i v e about 
a 1 . 0 : 3 . 8 r a t i o of r a d i c a l s XVI and XVII which are reduced t o t h e c o r ­




d i m e r i z a t i o n of t h e r a d i c a l an ion would be exp ec t ed t o take p l a c e a t t h e 
p o s i t i o n s of h i g h e s t e l e c t r o n s p i n d e n s i t y i n HOMO s t r u c t u r e VI , hence 
a t p o s i t i o n s o r t h o or meta t o both methy l groups . While d i m e r i z a t i o n 
t a k e s p l a c e p r e f e r e n t i a l l y a t t h e meta p o s i t i o n s i n c e t h i s p r o c e s s l e a d s 
t o the most s t a b l e an ion V I I , p r o t o n a t i o n o c c u r s p r e f e r e n t i a l l y a t t h e 
p o s i t i o n or tho t o both methyl groups s i n c e t h i s p r o c e s s l e a d s t o t h e 
most s t a b l e r a d i c a l XVII where the methyl groups are a l l a t c e n t e r s of 
h i g h s p i n d e n s i t y i n HOMO XX (and hence s t a b i l i z e t h e r a d i c a l as much 
as p o s s i b l e ) . The h igher r e g i o s p e c i f i c i t y i n d i m e r i z a t i o n than i n 
H H 
XX 
p r o t o n a t i o n i s due t o the l a r g e r e f f e c t of methyl groups i n d e s t a b i l i z i n g 
a n i o n s than i n s t a b i l i z i n g r a d i c a l s i n s o l u t i o n . Thus w h i l e somewhat 
l e s s than h a l f of t h e benzene r a d i c a l an ion was p r o t o n a t e d by 18 -crown-6 , 
the m-xylene r a d i c a l an ion was c o m p l e t e l y p r o t o n a t e d . These comparat ive 
r e s u l t s may be unders tood on t h e b a s i s t h a t methy l groups d e s t a b i l i z e 
r a d i c a l a n i o n s and i n c r e a s e t h e i r r a t e of p r o t o n a t i o n by 18 -crown-6 . 
R e a c t i o n of Biphenyl w i t h Cs-K A l l o y 
As shown i n scheme 5 , ces ium meta l r e a c t s w i t h b i p h e n y l i n THF a t 
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35°C to g i v e the b i p h e n y l d i a n i o n . S i n c e t h e produc t s obta ined by the 
h y d r o l y s i s of t h i s r e a c t i o n are the same as t h o s e o b t a i n e d from t h e 
74 
r e a c t i o n of b i p h e n y l w i t h Na-K a l l o y i n DME or t h e r e a c t i o n of b i p h e n y l 
w i t h l i t h i u m meta l i n l i q u i d a m m o n i a , 7 5 a n a l y s i s o f Cs-K a l l o y f o r t h e 
a l k a l i meta l which r e a c t s w i t h b i p h e n y l should e s t a b l i s h whether or not 
ces ium has a s u p e r i o r reduc ing power i n THF over t h e o t h e r a l k a l i m e t a l s 
i n a system which any of t h e a l k a l i m e t a l s can r e d u c e . 
The r e a c t i o n o f b i p h e n y l w i t h e x c e s s Cs-K a l l o y i n THF a t 25°C 
g i v e s a f t e r c a r e f u l h y d r o l y s i s t h e product s shown i n Scheme 5 and Table 
9 . The a l l o y a n a l y s i s data i n Table 10 i n d i c a t e s t h a t ces ium m e t a l was 
e x t r a c t e d p r e f e r e n t i a l l y from t h e a l l o y . However t h i s da ta i n d i c a t e s 
t h a t no t enough ces ium was e x t r a c t e d t o account f o r t h e r e d u c t i o n of t h e 
p r o d u c t s . In r e a c t i o n I I I - 1 0 1 , t h e r a t i o of r e a c t e d m e t a l t o b i p h e n y l 
i s 1 . 9 4 : 1 . 0 0 based on t h e o r g a n i c produc t s and 1 . 6 3 : 1 . 0 0 based on t h e 
a l l o y a n a l y s i s assuming o n l y f r a c t i o n a t i o n of ces ium m e t a l . On the same 
b a s i s i n r e a c t i o n I I I - 1 1 5 , the r a t i o s are 1 . 8 9 : 1 . 0 0 and 1 . 4 2 : 1 . 0 0 
r e s p e c t i v e l y . S ince both r a t i o s shou ld approach a 2 . 0 : 1 . 0 t h e o r e t i c a l 
r a t i o of r e a c t e d meta l t o b i p h e n y l , i t i s p o s s i b l e t h a t some potas s ium 
does r e a c t . In r e a c t i o n I I I - 1 0 1 , i f both potass ium and cesium were 
e x t r a c t e d from the i n i t i a l a l l o y t o g i v e a f i n a l a l l o y of 5 3 . 2 atom % 
Cs and 4 6 . 8 atom % K and a r a t i o of r e a c t e d m e t a l t o b i p h e n y l equal t o 
t h a t o b t a i n e d from t h e o r g a n i c p r o d u c t s ( i . e . , 1 . 9 4 : 1 . 0 0 ) then t h e r a t i o 
of r e a c t e d ces ium t o potass ium would be 1 2 . 5 3 : 1 . 0 0 . Using the same 
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Table 9. A n a l y s i s of t h e Products of t h e R e a c t i o n 
of Biphenyl w i t h Cs-K A l l o y 
Product R e a c t i o n Y i e l d s (mole %) 
I I I - 1 0 1 I 1 1 - 1 1 5 IV-19 
Cyclohexene 1.4% ' 
Benzene 3.3% 1.4% 
Pheny lcyc lohexane 0.4% 0.7% 
3 - p h e n y l c y c l o h e x e n e 8.2% 6.8% 5.4% 
1 , 4 - d i h y d r o b i p h e n y l 52.8% 54.5% 35.8% 
1 - p h e n y l c y c l o h e x e n e 4.5% 3.0% 3.3% 
3 , 4 - d i h y d r o b i p h e n y l 6.7% 7.9% 3.1% 
Bipheny l 22.6% 16.4% 15.0% 
The f l a s k r i n s e c o n t a i n e d 2 9 . 0 mole % of b i p h e n y l r e d u c t i o n 
p r o d u c t s and 2 . 7 mole % of c y c l o h e x e n e and benzene . 
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Table 10 . A n a l y s i s of t h e Cesium A l l o y s f o r t h e R e a c t i n g A l k a l i 
Metal i n the R e a c t i o n s of B i p h e n y l , 2 , 2 - D i p h e n y l p r o p a n e , 
and 1 , 1 , 1 - T r i p h e n y l e t h a n e 
R e a c t i o n Composit ion of t h e A l l o y i n Atom % 
I n i t i a l F i n a l C a l c u l a t e d 
Biphenyl ( I I I - 1 0 1 ) 63.7% Cs 53.2% Cs 51.4% C s 1 
36.3% K 46.8% K 48.6% K 
Biphenyl ( I I I - 1 1 5 ) 59.6% Cs 53.7% Cs 52.3% C s 1 
40.4% K 46.3% K 47.7% K 
2 , 2 - d i p h e n y l p r o p a n e ( 1 1 - 9 1 ) 53.6% Cs 41.1% Cs 39.5% C s 2 
46.4% K 58.9% K 60.5% K 
1 , 1 , 1 - t r i p h e n y l e t h a n e ( IV-41) 47.4% Cs 43.0% Cs 43.9% C s 1 
47.5% K 49.7% K 50.7% K 
5.1% Na 7.3% Na 5.4% Na 
1 , 1 , 1 - t r i p h e n y l e t h a n e ( IV-55) 46.6% Cs 40.1% Cs 41.9% C s 2 
50.2% K 56.5% K 54.7% K 
3.2% Na 3.4% Na 3.4% Na 
The c a l c u l a t e d a l l o y c o m p o s i t i o n i s based on t h e e x t e n t of 
r e d u c t i o n or i n t r a m o l e c u l a r c y c l i z a t i o n of the o r g a n i c p r o d u c t s and 
assumes t h a t o n l y ces ium meta l r e a c t s . 
2 
This c a l c u l a t e d a l l o y c o m p o s i t i o n was based on a p o s t u l a t e d 
r e a c t i o n of one cesium atom per benzene r i n g . 
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assumpt ions , the r a t i o would be 7 . 7 6 : 1 . 0 0 i n r e a c t i o n I I I - 1 1 5 . Thus t h e 
r a t i o of cesium t o potass ium e x t r a c t e d from Cs-K a l l o y by b i p h e n y l i s on 
t h e average 1 0 : 1 i n THF a t room temperature and i s proof of t h e s u p e r i o r 
reduc ing a b i l i t y of ces ium m e t a l . 
R e a c t i o n of Diphenylmethane, 2 , 2 - D i p h e n y l p r o p a n e , 1 , 1 , 1 - T r i p h e n y l e t h a n e 
and 1 ,3 -Dipheny lpropane w i t h Cesium A l l o y s 
In r e a c t i o n IV-135 , the produc t s from the r e a c t i o n of d i p h e n y l ­
methane w i t h Cs-K-Na a l l o y i n THF at -75°C were quenched i n i c e water 
and dehydrogenated w i t h e x c e s s DDQ. A n a l y s i s by gc and ^H NMR i n d i c a t e d 
t h a t on ly d i p h e n y l m e t h a n e and n o f l o u r e n e was p r e s e n t i n t h e dehydro­
genated m a t e r i a l . This experiment conf irms t h e r e s u l t r e p o r t e d by 
9 
L o n g f i e l d t h a t dehydrogenat ion of t h e p r o d u c t s , from t h e r e a c t i o n of 
Cs-K-Na a l l o y w i t h d iphenylmethane , w i t h Pd/C g i v e s no f l u o r e n e ( s e e 
Scheme 2 ) . * Thus diphenylmethane u n l i k e 2 , 2 - d i p h e n y I p r o p a n e and 1 , 1 , 1 -
t r i p h e n y l e t h a n e does not r e a c t w i t h Cs-K-Na a l l o y a t -75°C t o undergo 
i n t r a m o l e c u l a r c y c l i z a t i o n t o g i v e a near q u a n t i t a t i v e y i e l d of a t e t r a ­
hydrof luorene d e r i v a t i v e as shown i n Scheme 1 1 . 
The d i r a d i c a l anion XXI and t h e d i a n i o n XXII are d e p i c t e d as 
cesium compounds s i n c e a l l o y a n a l y s i s of t h e r e a c t i o n o f bo th 2 , 2 - d i p h e n y l 
propane w i t h Cs-K a l l o y and 1 , 1 , 1 - t r i p h e n y l e t h a n e w i t h Cs-K-Na a l l o y shows 
t h a t cesium m e t a l was p r e f e r e n t i a l l y e x t r a c t e d from t h e r e s p e c t i v e a l l o y 
However the low y i e l d (24.9%) of 2 , 5 - d i h y d r o d i p h e n y l m e t h a n e , 
which corresponds t o the major product b e i n g l i k e l y a monoradica l a n i o n , 
s u g g e s t s t h a t the y i e l d of d i r a d i c a l (XXI) may have been t o o low t o g i v e 
d e t e c t a b l e f l u o r e n e d e r i v a t i v e . 
1 2 5 
Scheme 1 1 
XXII 
w h e r e : = = CH^ f o r 2 , 2 - d i p h e n y l p r o p a n e 
R 1 = CH^ and R 2 = Ph f o r 1 , 1 , 1 - t r i p h e n y l e t h a n e 
( s e e T a b l e 1 0 ) . The y i e l d o f X X I I I from t h e r e a c t i o n o f 2 , 2 - d i p h e n y l ­
p r o p a n e w i t h Cs -K-Na i n THF a t - 7 5 ° C f o r t h r e e h o u r s w a s f o u n d t o b e 
8 9 . 9 m o l e % ( r e a c t i o n I V - 1 4 3 ) . T h i s r e s u l t t h e r e f o r e e s t a b l i s h e s t h a t 
a n e a r q u a n t i t a t i v e y i e l d o f _cis_- 9 , 9 - d i m e t h y 1 - 2 , 4 a , 4 b , 7 - t e t r a h y d r o f l u o ­
r e n e , X X I I I , i s d e r i v e d f rom t h i s r e a c t i o n and c o n f i r m s L o n g f i e l d f s 
q u a l i t a t i v e a s s e r t i o n 7 t h a t X X I I I w a s o b t a i n e d i n h i g h y i e l d . The ^H NMR 
s p e c t r u m o f X X I I I s h o w s t h a t t h e m e t h y l g r o u p s a t C-9 a r e n o n - e q u i v a l e n t 
1 2 6 
H H 
X X I I I 
a n d t h u s e s t a b l i s h e s t h e c i s ^ f u s e d n a t u r e o f X X I I I , s i n c e t h e t r a n s ­
f u s e d c o m p o u n d w o u l d h a v e e q u i v a l e n t m e t h y l g r o u p s d u e t o a t w o f o l d 
7 6 1 
a x i s o f s y m m e t r y t h r u C - 9 . T h i s H NMR a n a l y s i s h a s n o w b e e n c o n -
1 3 
f i r m e d b y C NMR w h i c h s h o w s t w o n o n - e q u i v a l e n t m e t h y l g r o u p s ( s e e 
F i g u r e 7 ) . M o d e l s s u g g e s t t h a t t h e m e t h y l w h i c h i s d o w n h a s a n e n v i r o n ­
m e n t v e r y s i m i l a r t o t h a t o f t h e a l l y l b r i d g e h e a d c a r b o n s 4 a a n d 4 b 
1 3 
a n d t h u s s h o u l d b e c o n s i d e r a b l y d e s h i e l d e d . I n f a c t C NMR a n a l y s i s 
i n d i c a t e s t h a t t h e c a r b o n o f t h i s m e t h y l h a s a b s o r b a n c e a t 2 6 . 0 6 w h i c h 
i s v e r y c l o s e t o t h a t o f 2 6 . 9 6 f o r t h e a l l y l c a r b o n s a t p o s i t i o n s 2 a n d 
7 ; t h e c a r b o n o f t h i s m e t h y l i s d e s h i e l d e d r e l a t i v e t o t h e c a r b o n a t 
2 2 . 4 6 f o r t h e m e t h y l w h i c h i s u p . 
T h e y i e l d s o f f l u o r e n e d e r i v a t i v e s f r o m t h e p r e v i o u s l y c i t e d 
r e a c t i o n s a r e s u m m a r i z e d i n T a b l e 1 1 . I t i s t o b e n o t e d t h a t t h e m i l d 
t e m p e r a t u r e s n e c e s s a r y f o r e f f e c t i v e s a m p l i n g a n d a n a l y s i s o f c e s i u m 
a l l o y s a n d d i m e r i z a t i o n o f b e n z e n e r e s u l t s i n r e d u c e d y i e l d s o f t h e 
f l u o r e n e d e r i v a t i v e s r e l a t i v e t o t h e v a l u e s w h i c h h a v e p r e v i o u s l y b e e n 
r e p o r t e d . 
R e f e r e n c e 4 , p . 1 9 5 . 
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Table 1 1 . Y i e l d of F luorene D e r i v a t i v e s from the R e a c t i o n of 
Polyphenylmethanes w i t h Cesium A l l o y s 
Reac t ion C o n d i t i o n s F luorene d e r i v a t i v e , mole % y i e l d 
diphenylmethane (IV-135) 
Cs-K-Na; - 7 5 ° C ; 2 h r . a — a 
2 , 2 - d i p h e n y l p r o p a n e ( 1 1 - 9 1 ) 
Cs-K; -34°C t o -20°C; 3 h r . 
c i s - 9 , 9 - d i m e t h y l - 2 , 4 a , 4 b , 7 -
t e t r a h y d r o f l u o r e n e 
2 5 . 1% 
2 , 2 - d i p h e n y l p r o p a n e (IV-143) 
Cs-K-Na; -75°C; 3 h r . 
c i s - 9 , 9 - d i m e t h y l - 2 , 4 a , 4 b , 7 -
t e t r a h y d r o f l u o r e n e 
8 9 . 9% 
1 , 1 , 1 - t r i p h e n y l e t h a n e ( IV-41) 
Cs-K-Na; - 5 0 ° C ; 1 .5 h r . 
9 - m e t h y l - 9 - p h e n y l - 2 , 4 a , 4 b , 7 -
t e t r a h y d r o f l u o r e n e 
66 . 9% 
1 , 1 , 1 - t r i p h e n y l e t h a n e (IV-55) 
Cs-K-Na; -50°C; 3 . 5 hr . 
9 - m e t h y l - 9 - p h e n y l - 2 , 4 a , 4 b , 7 -
t e t r a h y d r o f l u o r e n e 
7 1 . 7% 
The major product s of t h i s r e a c t i o n were diphenylmethane (67.7%) 
and 2 ,5 -d ihydrodiphenyImethane (24.9%). No f l u o r e n e d e r i v a t i v e was 
formed i n t h i s r e a c t i o n . 
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The r e a c t i o n of 1 , 3 - d i p h e n y i p r o p a n e w i t h ces ium a l l o y s i s s i m i l a r 
t o t h a t of diphenylmethane i n t h a t on ly r i n g r e d u c t i o n produc t s are 
o b s e r v e d . For example I n r e a c t i o n IV-5* which i s shown i n Scheme 1 2 , 
h y d r o l y s i s of the products from the r e a c t i o n of 1 , 3 - d i p h e n y l p r o p a n e w i t h 
Cs-K-Na a l l o y at -42°C f o r 21 hours gave main ly l , 3 - b i s ( 2 ' , 5 ' - d i h y d r o -
phenyl )propane (XXIV) ( 3 1 . 8 mole %) and 1 - ( 2 ' , 5 ' - d i h y d r o p h e n y l ) - 3 - p h e n y l -
propane (XXV) ( 3 3 . 5 mole %). S i n c e t h e r a d i c a l a n i o n y i e l d a s measured 
by ESR s p e c t r o s c o p y was 31.5% (based on t h e a v a i l a b l e number of aromat ic 
r i n g s ) and quenching w i t h i o d i n e r e s u l t e d i n a q u a n t i t a t i v e r e c o v e r y of 
1 , 3 - d i p h e n y l p r o p a n e , t h e r e a c t i o n must proceed through a r a d i c a l an ion 
as shown i n Scheme 12 ( s e e r e a c t i o n 1 - 1 1 2 ) . The data i n Table 12 proves 
Scheme 12 
XXIV XXV 
Ph(CH 2 ) 3 Ph + C 1 5 H 
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Table 1 2 . A n a l y s i s of t h e Cesium A l l o y s for t h e Reac t ing 
A l k a l i Metal i n t h e R e a c t i o n of 1 ,3 -Dipheny lpropane 
R e a c t i o n Composit ion of t h e a l l o y i n atom % 
I n i t i a l F i n a l C a l c u l a t e d 
1 , 3 - d i p h e n y l p r o p a n e ( 1 - 1 1 2 ) 43.6% C s 3 33.9% C s 3 33.4% C s 1 
42.6% K 49.8% K 50.4% K 
13.8% Na 16.3% Na 16.2% Na 
1 , 3 - d i p h e n y l p r o p a n e ( I I - 1 5 ) 56.6% C s 3 42.9% C s 3 40.4% Cs 
39.8% K 48.0% K 54.7% K 
3.6% Na 9.1% Na 4.9% Na 
1 , 3 - d i p h e n y l p r o p a n e ( 1 1 - 1 1 5 ) 67.2% Cs 51.7% Cs 52.5% C s 2 
32.8% K 48.3% K 47.5% K 
1 , 3 - d i p h e n y l p r o p a n e ( I I I - 1 3 7 ) 76.8% Cs 54.2% Cs 52.4% C s 1 
23.2% K 45.8% K 47.6% K 
1 , 3 - d i p h e n y l p r o p a n e ( IV-5) 41.8% Cs 35.2% Cs 33.6% C s 1 
48.2% K 53.3% K 5 5 . 0 % ^ 
10.0% Na 11.5% Na 11.4% Na 
The c a l c u l a t e d a l l o y c o m p o s i t i o n i s based on t h e e x t e n t of reduc 
t i o n of t h e o r g a n i c product s and the assumpt ion t h a t o n l y ces ium r e a c t s . 
2 
This c a l c u l a t e d a l l o y c o m p o s i t i o n was based on a p o s t u l a t e d 
r e a c t i o n of one ces ium atom per benzene r i n g . 
3 
These a n a l y s e s were done w i t h u s e o f Flame Emiss ion Spec troscopy 
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t h a t 1 ,3 -d ipheny lpropane l i k e t h e p r e v i o u s l y d i s c u s s e d hydrocarbons 
p r e f e r e n t i a l l y e x t r a c t s ces ium meta l from both Cs-K and Cs-K-Na a l l o y . 
The f i r s t two a l l o y a n a l y s e s i n Table 11 were done w i t h u s e o f f lame 
e m i s s i o n s p e c t r o s c o p y and show t h e same trend as t h e a n a l y s e s by 
t i t r i m e t r i c and g r a v i m e t r i c t e c h n i q u e s . 
The Cleavage of B i b e n z y l , l , 2 - D i - 2 g - t o l y e t h a n e , 2 , 3 - D i m e t h y l - 2 , 3 -
d i p h e n y l b u t a n e , and 1 , 2 , 2 - T r i p h e n y I p r o p a n e w i t h Cs-K-Na A l l o y 
In r e a c t i o n IV-83 , h y d r o l y s i s of t h e product from the r e a c t i o n of 
b i b e n z y l w i t h Cs-K-Na a l l o y i n THF a t -75°C f o r 1 .5 hours gave a 9 5 . 1 
mole % y i e l d of t o l u e n e . Thus i n s t e a d of undergoing i n t r a m o l e c u l a r 
c y c l i z a t i o n or s i d e c h a i n m e t a l l a t i o n , b i b e n z y l e v i d e n t l y forms a 
d i r a d i c a l an ion which then c l e a v e s t o b e n z y l c e s i u m . This i n t e r p r e t a t i o n 
was confirmed i n r e a c t i o n IV-93 i n which par t of t h e orange -red b e n z y l 
ces ium was carbonated t o g i v e p h e n y l a c e t i c ac id ( s e e Scheme 1 3 ) . 
In r e a c t i o n IV-97 , 2 , 3 - d i m e t h y 1 - 2 , 3 - d i p h e n y l b u t a n e was r e a c t e d 
w i t h Cs-K-Na a l l o y f o r 2 . 5 hours a t - 7 5 ° C . The red product was carbon­
a t e d to g i v e a , a - d i m e t h y l p h e n y l a c e t i c a c i d . This r e a c t i o n v i s u a l l y 
appeared t o proceed f a s t e r than t h e r e a c t i o n of b i b e n z y l . Thus t h e a d d i ­
t i o n of methy l s t o b i b e n z y l may s t e r i c a l l y a c c e l e r a t e t h e c l e a v a g e 
r e a c t i o n . 
In r e a c t i o n I V - 1 1 5 , 1 , 2 , 2 - t r i p h e n y l p r o p a n e was r e a c t e d w i t h Cs-K-Na 
a l l o y f o r 1 .25 hours a t - 7 5 ° C . The red p r o d u c t s were carbonated t o g i v e 
a 1:1 mixture o f p h e n y l a c e t i c a c i d and 2 , 2 - d i p h e n y l p r o p i o n i c a c i d . 
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Scheme 13 
f a s t 
C-C0 2 H 
(1) co 2 
(2) H 2 0 
where (a) R, = H = R 0 = R 0 = R. 
1 2 3 4 
(b) R x = CH3 = R 2 = R 3 = R 4 
( c ) R x = R 2 = H; R 3 = CH 3; R 4 = Ph 
Thus as i n d i c a t e d i n Table 1 3 , the c l e a v a g e of b i b e n z y l and 
r e l a t e d compounds by Cs-K-Na a l l o y a t -75°C i n THF i s a g e n e r a l r e a c t i o n 
which r e s u l t s i n a q u a n t i t a t i v e y i e l d of b e n z y l i c a n i o n s . The c l e a v a g e 
of t h e b i b e n z y l d i r a d i c a l an ion can be r a t i o n a l i z e d by t h e o b s e r v a t i o n 
t h a t the unpaired e l e c t r o n s i n t h e d i r a d i c a l anion cou ld be i n HOMO XXVI 
3 
or XXVII. In XXVII an e l e c t r o n r i c h p - o r b i t a l can o v e r l a p t h e sp bonding 
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Table 1 3 . The Products from Cleavage of B i b e n z y l and 
R e l a t e d Compounds by Cs-K-Na A l l o y 
R e a c t i o n Cleavage p r o d u c t 1 (mole %) 
B i b e n z y l (IV-101) 
- 7 5 ° C ; 1.5 hour 
p h e n y l a c e t i c a c i d 
t o l u e n e 
93.4% 
4.4% 
l , 2 - d i - £ - t o l y l e t h a n e 2 ( IV-125) 
- 7 5 ° to +12°C; 5 hours 
£ - t o l y l a e e t i c a c i d 
p - x y l e n e 
6.2% 
0.1% 
2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n e 
(IV-97) - 7 5 ° C ; 2 . 5 hours 
a , a - d i m e t h y l p h e n y l a c e t i c 




1 , 2 , 2 - t r i p h e n y l p r o p a n e (IV-115) 
- 7 5 ° ; 1 .25 hours 
p h e n y l a c e t i c a c i d 
t o l u e n e 
2 , 2 - d i p h e n y l p r o p i o n i c 
a c i d 





The product s of t h e s e r e a c t i o n s were carbonated t o d e r i v a t i z e 
the carbanions formed by the c l e a v a g e of t h e b e n z y l i c bond. 
2 
The y i e l d of a c i d s i n t h i s r e a c t i o n was 91 w t . %, t h e major 
product s were d i a c i d s d e r i v e d from b e n z y l and s i d e c h a i n m e t a l l a t i o n of 
1 , 2 - d i - £ - t o l y l e t h a n e . 
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XXVI XXVII 
o r b i t a l s of t h e d imethy lene l i n k a g e w i t h r e s u l t a n t i n bond c l e a v a g e 
through e l e c t r o n r e p u l s i o n . The n e t r e s u l t of t h i s c l e a v a g e would be t o 
move an e l e c t r o n from an a n t i b o n d i n g o r b i t a l of t h e r a d i c a l anion t o a 
non-bonding o r b i t a l of a b e n z y l an ion (XXVIII) . 
XXVII XXVIII 
In r e a c t i o n IV-125 , c a r b o n a t i o n of t h e product s from the r e a c t i o n 
of l , 2 - d i - p _ - t o l y l e t h a n e w i t h Cs-K-Na a l l o y i n THF a t -75°C t o 12°C f o r 
f i v e hours gave mainly n o n - c l e a v a g e product s and o n l y a 6 . 2 mole % y i e l d 
of £ - t o l y l a c e t i c a c i d . The r e s i s t a n c e of l , 2 - d i - _ p _ - t o l y l e t h a n e t o c l e a v ­
age cannot be a s c r i b e d t o f a i l u r e to form t h e d i r a d i c a l a n i o n , s i n c e 
NMR a n a l y s i s i n d i c a t e s t h a t t h e r a t i o of aromat ic r i n g s and reduced r i n g s 
t o c a r b o x y l i c a c i d f u n c t i o n s i s 1 : 1 . However the _p_-methyls would c o n s i d ­
e r a b l y d e s t a b i l i z e the p _ , £ f - d i m e t h y l d e r i v a t i v e of HOMO XXVII, s i n c e t h e y 
would be on carbons of h i g h e s t s p i n d e n s i t y . Thus, t h e most s t a b l e 
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XXIX 
d i r a d i c a l an ion of 1 , 2 - d i - j ^ - t o l y l e t h a n e would be HOMO XXIX. S i n c e t h e 
e l e c t r o n s p i n d e n s i t y i n t h e HOMO OF XXIX cannot o v e r l a p t h e sigma o r b i ­
t a l of t h e d imethy lene l i n k a g e , t h e m o l e c u l e cannot r e a d i l y c l e a v e t o 
g i v e two b e n z y l a n i o n s . There fore t h e d i r a d i c a l an ion of l , 2 - d i - j > -
t o l y l e t h a n e would be e x p e c t e d t o g i v e r e d u c t i o n produc t s s i m i l a r t o 
t h o s e of diphenylmethane and 1 , 3 - d i p h e n y l p r o p a n e or could g i v e t h e i n t r a ­
molecu lar c y c l i z a t i o n product XXX through a p r o c e s s s i m i l a r t o t h a t of 
t h e d i m e r i z a t i o n of t o l u e n e r a d i c a l a n i o n . The mass spectrum of the 
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R e a c t i o n of Cyc lohexy l Chlor ide w i t h Cs-K A l l o y and 2 , 2 , 3 -
Tr ipheny lpropy l Chlor ide w i t h Cs-K-Na A l l o y 
The r e a c t i o n of c y c l o h e x y l c h l o r i d e w i t h Cs-K a l l o y was s t u d i e d 
t o determine t o what e x t e n t ces ium would be p r e f e r e n t i a l l y e x t r a c t e d 
from t h e a l l o y . As shown i n Table 1 4 , the d a t a i n r e a c t i o n IV-33 s u g g e s t s 
t h a t cesium i s e x t r a c t e d i n a 1 0 . 2 : 1 . 0 r a t i o of ces ium t o p o t a s s i u m . The 
data for r e a c t i o n I I I - 1 2 7 i n d i c a t e s t h a t t h i s r a t i o may be as h i g h as 
2 1 . 4 : 1 . 0 . Thus i n sys tems such as a l k y l c h l o r i d e s or as hydrocarbons 
w i t h h igh e l e c t r o n a f f i n i t y ( i . e . , b i p h e n y l ) which can r e a c t w i t h e i t h e r 
ces ium or p o t a s s i u m , t h e r e a c t i o n w i t h ces ium i s favored by a f a c t o r of 
a t l e a s t t e n . 
The r e a c t i o n of c y c l o h e x y l c h l o r i d e w i t h Cs-K a l l o y i s shown i n 
Scheme 14 . I t i s t o be n o t e d t h a t t h e secondary carbanion once formed 
must be r a p i d l y p r o t o n a t e d by t h e s o l v e n t , s i n c e a t t empts t o t rap t h e 
carbanion by c a r b o n a t i o n r e s u l t e d i n o n l y a 1% y i e l d of c y c l o h e x y l -
c a r b o x y l i c a c i d . 
Scheme 14 
The r e a c t i o n of 2 , 2 , 3 - t r i p h e n y l p r o p y l c h l o r i d e . w i t h Cs-K-Na a l l o y 
was c a r r i e d out t o determine the r e a c t i n g a l k a l i meta l by a n a l y s i s o f t h e 
136 
Table 14 . A n a l y s i s of t h e Cesium A l l o y s f o r the Reac t ing 
A l k a l i Metal i n the R e a c t i o n of Cyc lohexy l Ch lor ide 
and 2 , 2 , 3 - T r i p h e n y l p r o p y l Chlor ide 
Reac t ion A l l o y c o m p o s i t i o n i n Atom % 
I n i t i a l F i n a l C a l c u l a t e d 
c y c l o h e x y l c h l o r i d e 
( I I I - 1 2 7 ) 
















2 , 2 , 3 - t r i p h e n y l p r o p y l c h l o r i d e 47.0% Cs 42.9% Cs 42.6% Cs 
(IV-105) 34.1% K 37.3% K 36.6% K 
-40°C 18.9% Na 19.8% Na 20.8% Na 
The c a l c u l a t e d a l l o y c o m p o s i t i o n i s based on a 1 0 . 2 : 1 . 0 r a t i o 
of ces ium t o p o t a s s i u m i n the r e a c t i o n : RC1 + 2M R M + MCI. 
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a l l o y and t o conf irm t h a t r e s u l t by examining t h e p r o d u c t s of t h e r e a c ­
t i o n , s i n c e the r e a c t i o n of sodium, p o t a s s i u m , or ces ium Jt-butoxide w i t h 
2 , 2 , 3 - t r i p h e n y l p r o p y l l i t h i u m g i v e d i f f e r e n t product d i s t r i b u t i o n s . 7 7 
Since c a r b o n a t i o n of t h e products of t h e r e a c t i o n of 2 , 2 , 3 - t r i p h e n y 1 -
p r o p y l c h l o r i d e w i t h e x c e s s Cs-K-Na a l l o y a t -45°C gave the a c i d s of 
on ly t h e products of c l e a v a g e XXXIII and XXXIV and phenyl m i g r a t i o n XXXV, 




_ path 1 1 
PhCH 2Ph 2CCH 2: M — ^ *• PhCRy. M + Ph 2C=CH 2 
path 2 








Ph 2CCH 3 
M + 
XXXIV 
which i s favored w i t h potass ium c a t i o n , was formed i n t h i s r e a c t i o n . The 
f o l l o w i n g v o l a t i l e a c i d s were o b s e r v e d : p h e n y l a c e t i c ac id (59.9% from 
XXXIII), 2 , 2 - d i p h e n y l p r o p i o n i c a c i d 12.6% from XXXIV), and 2 - b e n z y l - 2 , 3 -
d i p h e n y l p r o p i o n i c a c i d (11.1% from XXXV). Because t h e w e i g h t s o f t h e 
7 7 E . G r o v e n s t e i n , J r . and R. E. W i l l i amson , J . Amer. Chem. S o c , 
97 , 646 ( 1 9 7 5 ) . 
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n e u t r a l and a c i d products i s o l a t e d from t h i s r e a c t i o n exceed t h a t f o r t h e 
products i s o l a t e d from t h i s r e a c t i o n exceed t h a t for t h e v o l a t i l e product s 
most of the 1 , 1 - d i p h e n y l e t h y l e n e produced i n path one must have polymer­
i z e d . This i s supported by t h e f a c t t h a t t h e y i e l d o f p h e n y l a c e t i c a c i d 
i s f i v e t imes t h a t of t h e 2 , 2 - d i p h e n y l p r o p i o n i c a c i d . A n a l y s i s of t h e 
a c i d i c products by "̂H NMR i n d i c a t e s t h a t t h e n o n v o l a t i l e product s from 
t h i s r e a c t i o n have a r a t i o o f 52 aromat ic p r o t o n s t o one a c i d i c proton 
(CO^H). This c r u d e l y i n d i c a t e s a po lymer ic d i c a r b o x y l i c ac id a v e r a g i n g 
t e n monomer u n i t s i n l e n g t h w i t h an average m o l e c u l a r we ight of 1890 . 
I t i s p o s s i b l e t h a t an ion XXXIV i s n o t produced by t h e m e t a l l a -
t i o n of d i p h e n y l e t h y l e n e . An a l t e r n a t e r o u t e t o an ion XXXIV would be t h e 
p r o t o n a t i o n of 2 , 2 , 3 - t r i p h e n y l p r o p y l c e s i u m producing 2 , 2 , 3 - t r i p h e n y l p r o -




PhCH 0Ph 0CCH 0: Cs PhCH0Ph0CCH0 
Ph 
_ + + _ I 





+ - * Cs PhCH 0 -C-CH 0 
2 I 3 
Ph 
+ 
Summary of R e s u l t s 
I t has been demonstrated c o n c l u s i v e l y t h a t i t i s t h e ces ium m e t a l 
i n Cs-K-Na or Cs-K a l l o y which p r i m a r i l y r e a c t s w i t h e i t h e r aromat ic 
1 3 9 
h y d r o c a r b o n s o r a l k y l c h l o r i d e s t o p r o d u c e o r g a n o a l k a l i s p e c i e s . 
The p r i m a r y r e a c t i o n o f Cs-K-Na a l l o y w i t h a r o m a t i c h y d r o c a r b o n s 
i s f o r m a t i o n o f r a d i c a l a n i o n s . T h e s e r a d i c a l a n i o n s d e p e n d i n g on t h e i r 
s t r u c t u r e and t h e r e a c t i o n t e m p e r a t u r e may d i m e r i z e , u n d e r g o i n t r a m o l e c u ­
l a r c y c l i z a t i o n , c l e a v e a c a r b o n - h y d r o g e n bond t o fo rm a c a r b a n i o n , o r 
c l e a v e a c a r b o n - c a r b o n bond t o g i v e a p a i r of c a r b a n i o n s . Thus w i t h 
b e n z e n e , t o l u e n e , and m - x y l e n e a t - 4 5 ° C , t h e c e s i u m b e n z e n i d e , c e s i u m 
t o l u e n i d e , and c e s i u m m - x y l e n i d e r e s p e c t i v e l y a r e f o r m e d i n g o o d y i e l d 
w h i l e £ - x y l e n e and ^ t - b u t y l b e n z e n e do n o t r e a c t . A t - 4 5 ° C , t h e s e r a d i c a l 
a n i o n s r e a d i l y d i m e r i z e . t o - g i v e t h e d i c e s i u m 1 , 1 ' - d i h y d r o b i p h e n y l i d e , 
d i c e s i u m 3 , 3 ' - d i m e t h y 1 - 1 , 1 ' - d i h y d r o b i p h e n y l i d e , and d i c e s i u m 3 , 3 ' , 5 , 5 ' -
t e t r a m e t h y l - 1 , 1 ' - d i h y d r o b i p h e n y l i d e r e s p e c t i v e l y i n h i g h y i e l d . The 
a d d i t i o n o f 1 8 - c r o w n - 6 t o c e s i u m b e n z e n i d e o r c e s i u m m - x y l e n i d e r e s u l t s 
i n p r o t o n a t i o n o f t h e r a d i c a l a n i o n t o g i v e a r a d i c a l w h i c h i s r e d u c e d 
t o t h e a p p r o p r i a t e c y c l o h e x a d i e n y l a n i o n . With 1 , 2 - d i p h e n y l e t h a n e 
( b i b e n z y l ) , 2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n e , and 1 , 2 , 2 - t r i p h e n y l p r o p a n e 
r e a c t i o n w i t h Cs-K-Na a l l o y e v i d e n t l y g i v e s d i c e s i u m 1 , 2 - d i p h e n y l e t h a n i d e , 
d i c e s i u m 2 , 3 - d i m e t h y l - 2 , 3 - d i p h e n y l b u t a n i d e , and d i c e s i u m 1 , 2 , 2 - t r i p h e n y l -
p r o p a n i d e r e s p e c t i v e l y . Once f o r m e d a t - 7 5 ° C , t h e s e o r g a n o c e s i u m com­
pounds i m m e d i a t e l y c l e a v e t o g i v e b e n z y l c e s i u m , a , a - d i m e t h y l b e n z y l c e s i u m , 
and a m i x t u r e o f b e n z y l c e s i u m and a , a - d i p h e n y l e t h y l c e s i u m r e s p e c t i v e l y . 
The Cs-K-Na a l l o y r e a c t s w i t h 1 , 3 - d i p h e n y l p r o p a n e and 1 , 2 - d i - p - t o l y l -
e t h a n e a t - 7 5 ° C t o g i v e t h e d i c e s i u m 1 , 3 - d i p h e n y l p r o p a n i d e and t h e 
d i c e s i u m l , 2 - d i - j > - t o l y l e t h a n i d e . I t i s n o t a b l e t h a t i n t h e s e r e a c t i o n s 
i t i s c e s i u m n o t s o d i u m o r p o t a s s i u m w h i c h i s t h e m e t a l t h a t p r i m a r i l y 
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r e a c t s . The a b i l i t y of cesium t o form r a d i c a l a n i o n s w i t h b e n z e n e , 
a l k y l b e n z e n e s , and p o l y p h e n y l a l k a n e s i n near q u a n t i t a t i v e y i e l d i s due 
t o the v a s t l y s u p e r i o r reduc ing power of ces ium over t h e other a l k a l i 
m e t a l s i n THF. S i n c e cesium benzen ide should be an i n t i m a t e i o n p a i r 
w i t h a c a t i o n and an ion of n e a r l y equal s i z e , t h i s s p e c i e s r e a d i l y forms 
i n s o l u b l e i o n i c a g g r e g a t e s . Apparent ly t h e s e a g g r e g a t e s undergo a t r a n s i ­
t i o n w i t h i n c r e a s e d temperature a t -45°C t o a l l o w t h e c l o s e l y packed 
r a d i c a l an ions t o d i m e r i z e . The s t r o n g e l e c t r o s t a t i c i n t e r a c t i o n s 
t h e s e a g g r e g a t e s between t h e l a r g e p o l a r i z a b l e cesium c a t i o n and the 
d i m e r i c d i a n i o n s e v i d e n t l y p r o v i d e c o n s i d e r a b l e s t a b i l i z a t i o n to h e l p 
overcome the l o s s of a r o m a t i c i t y i n t h e d i m e r i z a t i o n of t h e r a d i c a l 




I t would be i n t e r e s t i n g t o e x t e n d t h e s t u d y of t h e r e a c t i o n of 
Cs-K-Na a l l o y t o i n c l u d e a number of compounds s i m i l a r to t h o s e i n v e s t i ­
ga ted i n t h i s work. For example, e t h y l b e n z e n e , cumene, and m e s i t y l e n e 
cou ld r e a c t w i t h Cs-K-Na a l l o y a t -45°C i n THF t o g i v e t h e corresponding 
ces ium a r e n i d e which shou ld d i m e r i z e t o g i v e d i a n i o n s of t h e f o l l o w i n g 
r e s p e c t i v e s t r u c t u r e s : 
D i p h e n y l e t h e r and [ 2 . 2 ] m e t a c y c l o p h a n e cou ld r e a c t w i t h Cs-K-Na 
a l l o y a t -75°C i n THF t o g i v e a d i r a d i c a l an ion which cou ld undergo 
i n t r a m o l e c u l a r c o u p l i n g t o g i v e t h e f o l l o w i n g d i a n i o n s r e s p e c t i v e l y : 
w i t h Cs-K-Na a l l o y at -75°C i n THF t o form a t i r a d i c a l an ion which could 
c l e a v e two carbon-carbon bonds i n a c o n c e r t e d or t h e f o l l o w i n g s t e p w i s e 
manner: 
Cs 
I t would be i n t e r e s t i n g t o r e a c t 1 , 4 - b i s ( 2 - p h e n y l e t h y l ) b e n z e n e 
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PhCH 2 CH 2 Ph CH 2 CH 2 Ph Cs 
+ 
Cs + 
PhCRy C s + + C s + :H 2 CPhCH 2 CH 2 Ph C s + 
C s + :H 2 CPhCH 2 : C s + •+ C s + :CH 2 Ph 
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APPENDIX 
CALCULATION OF THE COMPOSITION OF Cs-K-Na ALLOY FROM THE 
ANALYTICAL DATA OBTAINED IN REACTION I I I - 1 5 3 , 
THE REACTION OF BENZENE WITH Cs-K-Na ALLOY 
This c a l c u l a t i o n as i n d i c a t e d i n t h e i n s t r u m e n t a l and g e n e r a l p r o ­
cedures chapter i s based on t h r e e e x p e r i m e n t a l l y determined parameters : 
the a l l o y w e i g h t , mmols of t o t a l base i n an aqueous s o l u t i o n of t h e 
weighed a l l o y , and the we ight of t h e c e s i u m - p o t a s s i u m t e t r a p h e n y l b o r o n 
which can be p r e c i p i t a t e d from t h i s s o l u t i o n . Thus, w i t h t h r e e unknowns 
and t h r e e a n a l y t i c a l measurements, t h r e e s i m u l t a n e o u s e q u a t i o n s where 
X = mg-atoms Na, Y = mg-atoms K, and Z = mg-atoms Cs can be w r i t t e n : 
(1) X + Y + Z = 5 .384 ± 0 . 0 1 mmol MOH 
(2) 2 2 . 9 8 9 8 mg/mg-atom Na X + 3 9 . 1 0 2 mg/mg-atom K Y + 132 .905 
mg/mg-atom Cs Z = 4 1 5 . 3 ± 0 .2 mg Cs-K-Na a l l o y 
(3 ) 358 .342 mg/mmol KTPB Y + 452 .145 mg/mmol CsTPB Z = 1969 ± 2 mg Cs-KTPB 
S o l v i n g e q u a t i o n (3) for Y i n terms of Z: 
(4) Y = 5 .495 ± 0 .006 mmol - 1 .2618 Z 
S u b s t i t u t i n g e q u a t i o n (4) i n t o e q u a t i o n (1) and s o l v i n g for X 
i n terms of Z g i v e s : 
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(5 ) X = - 0 . 1 1 1 ± 0 .016 + 0 .2618 Z 
Equation (2) can be s o l v e d f o r Z by s u b s t i t u t i n g e q u a t i o n (4) 
f o r Y and e q u a t i o n (5 ) f o r X. 
22 .9898 mg/mg-atoms Na ( - 0 . 1 1 1 ± 0 . 0 1 6 mmol + 0 .2618 Z ) + 
39 .102 rag/rag-atoms K ( 5 .495 ± 0 . 0 0 6 mmol + 1 . 2 6 1 8 Z ) + 
132 .905 mg/mg-atoms Cs Z = 4 1 5 . 3 ± 0 .2 mg Cs-K-Na a l l o y 
89 .585 Z = 2 0 3 . 0 ± 0 .9 
Z = 2 .266 ± 0 . 0 0 9 mg-atoms Cs 
Thus s o l v i n g e q u a t i o n s (4) and (5) f o r Y and X r e s p e c t i v e l y : 
Y = 2 . 6 3 6 ± 0 . 0 0 9 mg-atoms K 
X = 0 .482 ± 0 .005 mg-atoms Na 
Therefore the i n i t i a l a l l o y c o m p o s i t i o n i n atom % can be d e t e r ­
mined by d i v i d i n g t h e v a l u e s of X, Y, and Z by e q u a t i o n ( 1 ) . 
% Cs = (100) 2 .266 ± 0 . 0 0 9 / 5 . 3 8 4 ± 0 . 0 1 0 = 4 2 . 1 ± 0 . 3 
% K = (100) 2 . 6 3 6 ± 0 . 0 0 9 / 5 . 3 8 4 ± 0 . 0 1 0 = 4 9 . 0 ± 0 . 3 
% Na = (100) 0 .482 ± 0 . 0 0 5 / 5 . 3 8 4 ± 0 . 0 1 0 = 8.9 ± 0 . 1 
The f i n a l a l l o y c o m p o s i t i o n , which was c a l c u l a t e d i n the same 
manner, was 3 3 . 9 ± 0 . 3 atom % Cs, 55 .7 ± 0 . 4 atom % K, and 1 0 . 4 ± 0 . 1 
atom % Na. 
S ince t h e i n i t i a l a l l o y c o m p o s i t i o n i n mg-atoms was 4 0 . 1 4 mg-atoms 
Cs, 4 6 . 6 9 mg-atoms K, and 8 . 5 5 mg-atoms Na, t h e t h e o r e t i c a l f i n a l a l l o y 
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c o m p o s i t i o n can be c a l c u l a t e d assuming an one to one r e a c t i o n of ces ium 
t o benzene ( 1 3 . 4 1 mmols) . Thus t h e t h e o r e t i c a l f i n a l a l l o y would have 
a compos i t i on of 2 6 . 7 3 mg-atoms Cs, 4 6 . 6 9 mg-atoms K, and 8 .55 mg-atoms 
Na, which i n atom % i s 3 2 . 6 atom % Cs, 5 7 . 0 atom % K, and 1 0 . 4 atom % Na. 
However s i n c e t h e r e a c t i o n product s were accounted f o r i n a 9 9 . 2 
mole % y i e l d ( i . e . , 1 .20 mmol 1 , 4 - d i h y d r o b e n z e n e , 1 .96 mmol benzene , and 
5 . 0 8 mmol 1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l ) , the f i n a l a l l o y c o m p o s i t i o n can 
be e s t i m a t e d based on t h e e x t e n t o f r e d u c t i o n or d i m e r i z a t i o n of t h e 
o r g a n i c p r o d u c t s . Hence f o r each m o l e c u l e of 1 ,4 -d ihydrobenzene and 
1 , 1 ' , 4 , 4 ' - t e t r a h y d r o b i p h e n y l two cesium atoms were consumed. Therefore 
1 2 . 5 6 mg-atoms of ces ium was e x t r a c t e d from the a l l o y g i v i n g a p r e d i c t e d 
a l l o y c o m p o s i t i o n of 2 7 . 5 8 mg-atoms Cs, 4 6 . 6 9 mg-atoms K, and 8 .55 mg-
atoms Na, which i n atom % i s 3 3 . 3 atom % Cs, 5 6 . 4 atom % K, and 1 0 . 3 
atom % Na. This p r e d i c t e d c o m p o s i t i o n i s v e r y c l o s e t o t h e e x p e r i m e n t a l 
v a l u e of 3 3 . 9 atom % Cs, 5 5 . 7 atom % K, and 1 0 . 4 atom % Na, which i n d i ­
c a t e s t h a t very l i t t l e o v e r - r e d u c t i o n of t h e o r g a n i c produc t s occurred 
dur ing h y d r o l y s i s of t h e organocesium a d d u c t s . 
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